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1
Introduction

The R11 CA Enhancements WI includes possible improvements in UL physical layer signaling. One area where such enhancements are under consideration is improved UE reporting of periodic CSI feedback, i.e. avoiding the dropping of periodic CSI when AN transmissions collide with these in UL subframes ([1]-[14].

In the Nov 2011 RAN1#67 meeting, evaluation assumptions were agreed to evaluate the impact of periodic CSI dropping [15]. In particular, aspects to be considered include the use of aperiodic CSI in conjunction with periodic CSI, anticipated impact onto PDCCH loading and LA, differences between wideband and subband reporting modes, and UL overhead.
In this contribution, we present full-buffer and non full-buffer system-level evaluation results according to the assumptions in [15]. We evaluate the impact on DL PDSCH throughput when using only periodic CSI and when also using aperiodic CSI reporting. We show results for both cases of wideband and subband based scheduling approaches.

2
Evaluation assumptions and methodology
System level simulation assumptions are summarized Table 1 in Appendix A.
2 DL serving cells are considered in ITU UMa. Both full buffer (FB) and non-full buffer (NFB) using FTP TM2 is modeled. NFB is evaluated both for a loaded system with RU ~60% and for a lightly loaded system with RU ~20%.
Periodic CSI (P-CSI) is configured in Mode 1-1. Periodic CSI for each DL serving cell is reported using the same periodicity, i.e. Npd value by a UE but using a time offset of 1 TTI. Therefore, these are reported using the same periodicity, but with a fixed eNB configured time offset. Collision of P-CSI reports and AN in a subframe for a UE is based on actual scheduling decisions, i.e. Option 2 in [15].
Aperiodic CSI (A-CSI) when reported is configured in Mode 3-1.

In the first baseline scenario (R10: periodic CSI only) we look at the impact of dropped P-CSI’s for the case of a wideband-only scheduler (1 UE per subframe). Then, we investigate the more real-life case of a subband scheduler.
In the second baseline scenario (R10: periodic and aperiodic CSI), we evaluate to what extent the availability of A-CSI can mitigate the DL throughput loss that is observed in presence of periodic CSI only (which can be dropped due to AN collisions).
Both scenarios above are then compared to an assumed R11 system, where the possibility exists to multiplex at least 1 periodic CSI report corresponding to 1 DL serving cell together with AN reported for multiple DL serving cells into 1 subframe, i.e. multiplexing single P-CSI together with AN using PUCCH F3.

For all cases, we show the UE DL throughput CDF’s and the actual P-CSI dropping statistics observed during the simulation for the population of UE’s.

3
Evaluation results

In the first baseline scenario we assume that only periodic CSI is reported and that aperiodic CSI is not available (R10: periodic CSI only).

As can be seen in Figure 1, for FB traffic in the case of wideband scheduling, i.e. 1 UE per subframe, there is no noticeable difference in observed DL throughput with or without dropped P-CSI’s. Even though some 20% of P-CSI reporting instances for either DL serving cell are dropped due to UL AN transmission in response to reception of DL PDSCH for a UE, there is little impact on observed UE DL throughput due to the relatively small reporting periodicities.
For the case of NFB traffic in Figure 2, observed UE DL throughput is more sensitive to P-CSI dropping. When compared to the FB case, a smaller number of UE’s will be simultaneously scheduled DL transmissions when data becomes available. But these scheduled UE’s are more significantly impacted by P-CSI dropping given they generate a much higher number of UL subframes carrying AN during their transmission intervals.

This effect can be seen in the P-CSI dropping statistics. Although some 96% P-CSI for the system are reported without any collision, most of these P-CSI reports are collected from UE’s that do not have any DL traffic scheduled. For the evaluated system load (RU ~60%) and scheduling assumptions, some 12% of UE’s are active at any given point in time. A UE that is being scheduled DL data during a transmission interval will experience much long P-CSI reporting intervals, i.e. much more severe P-CSI dropping rates. Compared to the FB traffic case, this results in that the effect of CSI dropping becomes very visible when using NFB traffic assumptions.
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Figure 1: Impact of P-CSI dropping for WB scheduling (2x2, 3 km/h, Npd=20 ms, FB)
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Figure 2: Impact of P-CSI dropping for WB scheduling (2x2, 3 km/h, Npd=20 ms, NFB RU~60%)

The case of a subband scheduling where multiple UE’s are scheduled per DL subframe in average is more relevant in terms of providing insights into expected real-life behavior of the system.

As can be seen in Figure 3, already under FB traffic modeling assumptions, the average DL throughput is equally impacted by dropping P-CSI.

Median DL throughput is reduced by some 10-15% if periodic CSI reports can’t be multiplexed with AN into an UL subframe. The throughput penalty when dropping P-CSI is even more pronounced for UE’s in good geometry reaching up to some 15-20%. Note that the assumed subband scheduler assigned an average of 4 UE’s into any given subframe.
When comparing Figure 1-3, it can be seen that it is the overall number of dropped P-CSI reports for active UE’s that affects DL throughput. The number of AN’s generated for a population of UE’s in the UL scales with the number of DL scheduling events. DL throughput loss is experienced for a scheduled UE only during transmission intervals, i.e. the periods of time where the UE actually receives DL data.

Already when using FB traffic modeling assumptions, the likelihood to schedule a PDSCH for a given UE is increased when comparing subband to wideband scheduling. Similarly, under NFB traffic conditions, the likelihood for a UE in a transmission interval to experience many dropped P-CSI events increases when compared to FB traffic modeling. Therefore, the number of effectively observed P-CSI dropping events increases linearly for the same assumed Npd value.
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Figure 3: Impact of P-CSI dropping for SB scheduling (2x2, 3 km/h, Npd=20 ms, FB)

In the second baseline scenario (R10: periodic and aperiodic CSI) we assume that both periodic CSI and aperiodic CSI are reported.

Availability of A-CSI included into UL PUSCH transmissions from a UE is modeled using a Gaussian pdf with mean 80 ms, standard deviation 20 ms, and both tails truncated at 40 ms and 120 ms. The eNB will solicit another A-CSI from a UE not earlier than 40 ms, and latest 120 ms following reception of the last A-CSI. Therefore, in some 2.5% of cases, A-CSI will become available precisely at 40 ms or at 120 ms, and in 95% of all cases following the probability distribution around the mean of 80 ms. If A-CSI is available for a UE, the subband scheduler will most of the times rely on the latest A-CSI for scheduling decisions (as long as the scheduler allows the CSI consistency check to pass criteria in terms of “freshness”).
If aperiodic CSI is available to the subband scheduler, the observed DL PDSCH performance loss due to dropping of periodic CSI is compensated both for full-buffer and for non-full-buffer traffic as can be seen in Figures 4 and 5.

We note that even for the case that reporting periodicities for P-CSI are increased, aperiodic CSI would still substitute for performance losses due to P-CSI dropping when colliding with AN collisions (Figure 6 for Npd=10ms).

We evaluated both above baseline scenarios for the cases of 30 km/h UE speed, 4x2 antenna configurations and P-CSI reporting periodicities Npd different than 20 ms. Corresponding figures can be found in Appendix B.
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Figure 4: Impact of P-CSI dropping when A-CSI is available for SB scheduling (2x2, 3 km/h, Npd=20 ms, FB)
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Figure 5: Impact of P-CSI dropping when A-CSI is available for SB scheduling (2x2, 3 km/h, Npd=20 ms, NFB RU~60%)
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Figure 6: Impact of P-CSI dropping when A-CSI is available for SB scheduling (2x2, 3 km/h, Npd=10 ms, FB)

Note that the DL throughput loss observed for the case of non-full-buffer traffic can be expected to increase for lower RU in the system, i.e. less offered traffic.

Similar to the discussion on full-buffer versus non-full buffer for the wideband scheduler case, the amount of scheduling events and corresponding number of AN collisions with P-CSI for a given UE during a transmission interval will increase when reducing the RU of around 60% to a less loaded system.

Figure 7 shows the impact of P-CSI dropping in presence of A-CSI for a lightly loaded system (RU ~20%). When comparing Figure 7 (RU ~20%) to Figure 5 for a loaded system (RU ~60%), it becomes very clear that the DL throughput impact significantly increases due to more DL scheduling events affecting active UE’s. Although the total number of dropped P-CSI reports for the system is less than 2%, it is the UE’s with DL data during a transmission interval that experience severe P-CSI dropping (Figure 7).
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Figure 7: Impact of P-CSI dropping when A-CSI is available for SB scheduling (2x2, 3 km/h, Npd=20 ms, NFB RU~20%)

In the evaluated setup, a given UE would in average be issued an UL grant every 80ms. We do not consider this to be a prohibitive factor in terms of contributing to an increased PDCCH load.

However, availability of A-CSI assumes a given amount of PUSCH transmission activity corresponding to received DL traffic by a UE due to TCP ACK’s and RLC. Implicitly, this results in an assumption onto the served DL:UL traffic ratio which itself is a function of the traffic type. In order to achieve high DL throughput numbers such as for FTP, TCP RTT has to remain short, which inevitably results in the need to schedule PUSCH for a UE in a timely manner. As soon as traffic assumptions change, observed DL:UL traffic asymmetries also change, and the amount and frequency of PUSCH scheduling is affected in consequence.

In this sense, we expect the availability of A-CSI to the scheduler to be mainly dependent on the actual served traffic.

4
Conclusions and Recommendations

In this contribution we have evaluated DL throughput loss due to periodic CSI and AN collisions in full-buffer and non-full buffer conditions for the cases of periodic CSI and aperiodic CSI reporting. We observe that,

· In case of wideband scheduling when aperiodic CSI is not used, DL throughput is not sensitive to P-CSI dropping under full-buffer traffic conditions, but the DL throughput loss becomes very visible for non-full buffer traffic already for a loaded system (RU ~60%).

· In case of subband scheduling when aperiodic CSI is not used, DL throughput is sensitive to P-CSI dropping both for the case of full-buffer and non-full buffer traffic.

· Throughput loss due to P-CSI dropping can be compensated for to some extent if aperiodic CSI reports can be scheduled at moderately frequent time intervals both for the case of full-buffer and non-full-buffer traffic under at least medium load conditions.

· In the case of non-full buffer traffic, the impact of P-CSI dropping is much more severe for a lightly loaded system (RU ~20%) than for a loaded system (RU ~60%), and may not always be compensated for in presence of A-CSI.

Proposal
R11 should support multiplexing of a periodic CSI report (for 1 DL serving cell) and AN (for multiple DL serving cells) using PUCCH Format 3.
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Appendix A – Evaluation assumptions

Table 1. Simulation assumptions for DL throughput evaluation in presence of periodic / aperiodic CSI

	Parameters
	Value

	Deployment type
	ITU UMa

	ISD
	500m

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	DL Tx power
	46 dBm

	Antenna pattern
	3D (36.814)

	Antenna configuration
	2x2 and 4x2 co-polarized

	Carrier Aggregation
	ON: 2 CC’s

	Link Adaptation:
	Ideal

	Scheduler
	PF

	Traffic model
	Full-buffer: 10 UE’s per cell

Non-full buffer: FTP TM2 @ RU 60% and 20%

	Receiver type
	MMSE

	Transmission mode
	4

	UE speed
	3 and 30 km/h

	Channel estimation
	Ideal

	CSI feedback delay
	6 ms

	CSI error modeling
	Gaussian ~N(0,1) dB

	CSI reporting
	Periodic CSI Mode 1-1

Aperiodic CSI Mode 3-1

1 TTI reporting offset between DL cells

	OLLA
	ON


Appendix B – More results
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Figure 8: Impact of P-CSI dropping for WB scheduling (2x2, 30 km/h, Npd=20 ms, FB)
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Figure 9: Impact of P-CSI dropping for SB scheduling (2x2, 30 km/h, Npd=20 ms, FB)
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Figure 10: Impact of P-CSI dropping when A-CSI is available for SB scheduling (2x2, 30 km/h, Npd=20 ms, FB)

