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1
Introduction

In R10, for the case when simultaneous PUCCH and PUSCH transmission is not configured and the parameter simultaneousAckNackAndCQI is TRUE, when a collision between multi-CC HARQ A/N bits and periodic CSI on PUCCH occurs, then CSI is dropped [1].

The R11 CA Enhancements WI includes possible improvements in UL physical layer signalling [8]. 
In this contribution, we conduct link-level analysis in order to see the impact of periodic CSI dropping onto PDSCH throughput performance in DL MIMO.

We then present link-level simulation results to compare two alternative for A/N + CSI multiplexing schemes using PUCCH F3, joint coding and separate coding.
Based on these these results, we observe benefits for supporting the case of simultaneous reporting of periodic CSI and A/N using PUCCH F3.
2
DL throughput impact due to excessive CSI dropping
The primary motivation to improve upon the R10 approach where the periodic CSI is dropped in case of a collision with A/N on PUCCH is that this could potentially result in excessive dropping rates of the periodic CSI reports with detrimental impact onto DL PDSCH throughput [2]-[5].

We have conducted link-level analysis in order to assess the impact of periodic CSI dropping rates onto DL PDSCH throughput performance.
At each periodic CSI feedback reporting instance for a given CSI reporting period, Np, the CSI (CQI/PMI/RI) feedback is randomly dropped with a given CSI dropping probability ranging from 0% (no CSI dropping in any reporting instance) to 75% (3 out of 4 CSI reporting instances are dropped). If a CSI dropping event occurs at a CSI feedback reporting instance, the latest corresponding CSI information is used by the eNodeB scheduler for the next corresponding PDSCH transmission(s).
Simulation assumptions for the used setup are shown in Table 1.

Table 1. Link-level simulation assumptions for CSI feedback dropping evaluation
	Parameters
	Value

	Antenna configuration
	4x2

	Channel
	ETU3

	System bandwidth
	5 MHz

	Allocation bandwidth
	25 (wideband)
24 (sub-band)

	Number of configured CRS ports
	4

	CSI reporting period
	5, 10, 20 msec

	CSI dropping rate
	0, 10, 25, 50, 75%

	CSI-RS periodicity
	5 msec

	DMRS
	Enabled

	Target BLER
	10%

	Link Adaptation
	Enabled

	Receiver model
	MMSE

	Channel Estimation
	Realistic (CRS, CSI-RS)

	Noise Estimation
	Ideal


Figures 1-3 show PDSCH throughput performance for different CSI reporting periods, {5, 10, 20 msec}, respectively. The simulated channel model is 4x2 MIMO in ETU3.
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Figure 1. Link level PDSCH throughput performance: CSI reporting period of Np=5
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Figure 2. Link level PDSCH throughput performance: CSI reporting period of Np=10
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Figure 3. Link level PDSCH throughput performance: CSI reporting period of Np=20

We observe that CSI dropping impacts the PDSCH throughput performance in a non-negligable manner.

Already for CSI reporting periods of 10 or 20 msecs, CSI dropping rates of 25% or more will result in a 1.5dB or more degradation. For CSI dropping rates of 75%, up to 3~4 dB loss in terms of SINR are observed for all considered CSI reporting periods.

We suggest that R11 investigates design approaches to avoid the dropping of periodic CSI. This is both for cases where collisions occur between CSI feedback instances of multiple carriers or where periodic CSI collides with HARQ A/N bits in a subframe.

In R8, the simultaneous transmission of periodic CSI and A/N is supported through PUCCH F2. In principle, it is warranted to investigate the extension of this capability into R11 for carrier aggregation if the performance targets can be met, and if the resulting design complexity is deemed acceptable.
3
Link-Level Performance when multiplexing A/N and CSI using PUCCH Format 3
Simultaneous transmission of periodic CSI and A/N on PUCCH F3 can be carried out in two possible ways:
· Using joint coding of HARQ A/N and periodic CSI payloads 
· Using separate coding for HARQ A/N and periodic CSI payloads where the HARQ A/N bits and CSI bits are separately encoded and then multiplexed on PUCCH format 3. 
We have conducted link-level analysis in order to assess performance of the above alternatives, using the following simulation configurations:
The joint coding scheme using PUCCH F3 is simulated according to the R10 baseline structure specified for HARQ A/N multiplexing and by sequentially mapping A/N bits followed by CSI bits to the (32, O) RM base sequences.
The separate coding scheme using PUCCH F3 is simulated according to a slightly modified version of the PUCCH F3 dual-RM coding scheme for encoding of A/N payloads larger than 11 bits [6]. As illustrated in Figure 4, in this scheme the A/N and CSI bit sequences are separately encoded using the (32, O) RM code from R10 with circular buffer rate matching or puncturing. The encoded streams are then modulated/interleaved and mapped on the respective allocated resources.
Further simulation assumptions are summarized in Table 2.
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Figure 4: Separate CSI and A/N coding with dual-RM coding approach for PUCCH F3

Table 2: Link-level simulation assumptions for PUCCH F3 based joint vs. separate coding approaches
	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Channel model
	EPA3

	Frequency-hopping
	At slot boundary 

	Antenna setup
	1Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180 kHz

	DTX detection 
	Disabled

	Noise estimation
	Ideal

	A/N payload size, NA/N
	{3, 4, 6, 8, 10} bits

	Periodic CSI (CQI/PMI/RI) payload size, NCQI
	{1, 2,..., 8, 10} bits

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


Two cases are considered for link-level simulations in DL CA: one case for more than 4 A/N bits and the other for a maximum of 4 A/N bits.
· Case-1: HARQ A/N bits, NA/N={6,8,10} and CSI payload bits, NCQI={5,10}

· Case-2: HARQ A/N bits, NA/N={3, 4} and CSI payload bits, NCQI={1,2,...,8}
For the separate coding scheme, an adjustable coding rate for the HARQ A/N and CQI is achieved by varying the ratio between the number of physical resources allocated to HARQ A/N and the number of resources allocated to CQI. This ratio is adjusted such that the required operating SINR for both types of control information is approximately the same as a function of the target A/N/DTX error requirements (e.g, 0.1 % BLER) and a CQI error rate target in the 1-5% BLER range.

In all figures, solid lines represent the BER performance of A/N information. Dashed lines indicate the BLER/FER performance of the CQI information. A CQI block error occurs if at least one bit is in error.
Figure 5-7 shows the link-level performance comparison, in terms of HARQ-A/N BER and CSI BLER, between joint coding and separate coding using different combinations of HARQ A/N bits for Case-1, NA/N={6,8,10} and CSI payload bits, NCQI={5,10}.
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Figure 5. Link performance of Joint coding vs. Separate coding NA/N=6 bits and NCQI={5,10} bits
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Figure 6. Link performance of Joint coding vs. Separate coding NA/N=8 bits and NCQI={5,10} bits
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Figure 7. Link performance of Joint coding vs. Separate coding NA/N=10 bits and NCQI={5,10} bits
Figure 8 shows the link level performance of PUCCH F3 when joint coding of CQI and A/N is applied for Case-2, NA/N={3, 4} bits and NCQI={1,2,3} bits. Figures 9-12 in Appendix show the link level performance of the separate coding scheme for NA/N={3, 4} and NCQI={1,...,8} bits.
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Figure 8: Link performance of joint coding on PUCCH Format 3 for NA/N=3, 4 bits

A summary of the required operating SINR derived from the link-level results in Figures 8-12 for the joint coding approach with PUCCH F3 for multiplexed CSI and A/N is provided in Table 3 below.
Table 3: Required SINR [dB] in EPA3/10 MHz for PUCCH F3 with joint coding

ACK BER ≤ 10-3, CQI BLER ≤ 10-2
	Number of CQI bits
	1
	2
	3
	4
	5
	6
	7
	8

	PUCCH 
Format 3
	3 A/N bits
	-3.9
	-3.5
	-3.2
	-2.6
	-2
	-1.7
	-1.2
	-0.8

	
	4 A/N bits
	-3.5
	-3.2
	-2.7
	-2
	-1.5
	-1.2
	-0.9
	


To quantify the achievable gain using a separate coding scheme versus joint coding using PUCCH F3, the required SINR for the separate coding approach together with the sizes of the encoded A/N and CQI bit sequences are shown in Table 4 below.
Table 4: Required SINR [dB] in EPA3/10 MHz for PUCCH F3 with separate coding

ACK BER ≤ 10-3, CQI BLER ≤ 10-2
	Number of A/N+CQI bits
	Required

SINR
	Encoded A/N

Sequence length 
	Encoded CQI

Sequence length
	Gain compared to joint coding 

	3 A/N + 1 CQI
	-4.1
	44
	4
	0.2

	3 A/N + 2 CQI
	-3.7
	38
	10
	0.2

	3 A/N + 3 CQI
	-3.6
	32
	16
	0.4

	3 A/N + 4 CQI
	-3.2
	28
	20
	0.6

	3 A/N + 5 CQI
	-2.9
	26
	22
	0.9

	3 A/N + 6 CQI
	-2.8
	26
	22
	1.1

	3 A/N + 7 CQI
	-2.4
	24
	24
	1.2

	3 A/N + 8 CQI
	-2.0
	22
	26
	1.2

	4 A/N + 1 CQI
	-3.6
	44
	4
	0.1

	4 A/N + 2 CQI
	-3.2
	38
	10
	0

	4 A/N + 3 CQI
	-3.0
	34
	14
	0.3

	4 A/N + 4 CQI
	-2.8
	32
	16
	0.8

	4 A/N + 5 CQI
	-2.5
	30
	18
	1

	4 A/N + 6 CQI
	-2.2
	28
	20
	1

	4 A/N + 7 CQI
	-2.0
	26
	22
	1.1

	6 A/N + 5 CQI
	-2.5
	32
	16
	0.6

	6 A/N + 10 CQI
	-1.4
	24
	24
	1.3

	8 A/N + 5 CQI
	-1.8
	34
	14
	0.5

	8 A/N + 10 CQI
	-0.6
	26
	22
	0.8

	10 A/N + 5 CQI
	-1.2
	36
	12
	0.8

	10 A/N + 10 CQI
	-0.3
	28
	20
	1.1


Comparing the PUCCH F3 performance of the joint coding scheme with that of the separating coding scheme, we observe that in terms of A/N BER, the separate coding scheme outperforms the joint coding scheme. This is especially true when the CSI payload is relatively large when compared to the A/N payload in a subframe.
Intuitively, the increased degree of freedom that the separate coding approach provides is that the amount of physical resources allocated to A/N transmission can be scaled based on the PUCCH quality target.
This is confirmed by the results presented in Table 4: the required operating SINR when using a separate coding approach for the PUCCH F3 can be minimized through proper scaling of the available resources such that the quality targets for A/N/DTX detection and CQI BLER are met at approximately the same point.

Another observation from Table 4 is that the gain from using the separate coding approach when compared to joint coding increases as the relative size of CQI payload increases. We observe around 1dB gain for CQI payload sizes that are greater than the A/N payload size.
4
Conclusions and Recommendations

In this contribution, we show link-level results to assess the impact of periodic CSI dropping onto PDSCH throughput performance in DL MIMO.

We observe that excessive CSI dropping impacts the PDSCH throughput performance in a non-negligable manner. Already for CSI reporting periods of 10 or 20 msecs, CSI dropping rates of 25% or more will result in at least 1.5dB degradation. For CSI dropping rates of 75%, up to 3~4 dB loss in terms of SINR are observed for all considered CSI reporting periods.

We therefore suggest that we investigate design approaches in R11 to avoid the dropping of periodic CSI. This is both for cases where collisions occur between CSI feedback instances of multiple carriers or where periodic CSI collides with HARQ A/N bits in a subframe.

Furthermore, our link-level simulation results compare two alternative for A/N + CSI multiplexing schemes when using PUCCH F3, joint coding and separate coding.
The required operating SINR when using a separate coding approach for the PUCCH F3 can be minimized through proper scaling of the available resources such that the required operating SINR targets for A/N/DTX detection and CQI BLER are met at approximately the same point. We observe around 1dB gain for CQI payload sizes that are greater than the A/N payload size. The gain from using a separate coding approach when compared to joint coding increases as the relative size of CQI payload increases.
In summary, the use of PUCCH F3 for simultaneous reporting of CSI and A/N in R11 offers good promise. A joint coding approach for A/N and CSI would potentially result in a smaller design delta and less impact onto the L1 specifications than a separate coding approach. However, given that the additional gains of up to 1dB or more can be achieved as a function of the PUCCH aggregate payload size when using a separate coding approach, it appears warranted to pursue investigations to support simultaneous CSI and A/N using PUCCH Format 3 in R11 based on a separate A/N and CSI approach.

In addition to evaluation of appropriate A/N versus CQI coded sequence lengths, consideration will need to be given to the detailed trade-off between the number of supported component carriers and the supported PUCCH reporting modes/report types.

Accordingly, we recommend to support simultaneous transmission of periodic CSI and A/N using PUCCH Format 3 in the R11 timeframe.
References

[1] TS 36.213, “Physical layer procedure”  

[2] R1-112077 “On collision handling of periodic CSI feedback”, Ericsson, ST-Ericsson
[3] R1-112497 “HARQ-ACK and CSI Multiplexing in PUCCH for DL CA”, Samsung

[4] R1-112034 “Uplink signaling enhancements in Rel-11 carrier aggregation”, Huawei, HiSilicon
[5] R1-112246 “Consideration on uplink control channel enhancement”, ZTE
[6] TS 36.212, “Multiplexing and channel coding”
[7] R1- 081413 “ACK/CQI Joint Encoding on PUCCH with Extended CP”, ZTE
[8] RP-110732; Update to LTE Carrier Aggregation Enhancements WID, Nokia Corporation, NSN
Appendix – More results for separate coding using PUCCH F3
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Figure 9: Link performance of separate coding on PUCCH F3 for NA/N=3 and NCQI=1, 2, 3, 4 bits.
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Figure 10: Link performance of separate coding on PUCCH F3 for NA/N=3 and NCQI=5, 6, 7, 8 bits
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Figure 11: Link performance of separate coding on PUCCH F3 for NA/N=4 and NCQI=1, 2, 3, 4 bits
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Figure 12: Link performance of separate coding on PUCCH F3 for NA/N=4 and NCQI=5, 6, 7 bits
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