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1 Introduction

The following agreements are reached about the aperiodic CSI feedback enhancements for eCA in the previous RAN1 #82bis meeting. 
· For existing aperiodic CSI reporting modes/mechanisms, 

· One CSI triggering DCI is able to trigger report for at most 32 CSI processes

· i.e., each CSI set can contain at most 32 CSI processes

· Introduce new UE capability signaling which indicates the maximum number of CSI processes to be updated per UE across CCs 
· Maximum number of CSI processes to be updated indicated in UE capability signaling should not be less than 5
· If the number of CSI processes to be updated is more than 5 and exceeds UE capability, some relaxations to address UE complexity should be considered

· Confirm the working assumption that A-CSI request field is 3-bits when the UE is configured with Rel. 13 CA configuration (e.g., more than 5 CCs) and when the corresponding DCI format is mapped onto the UE-specific search space given by the C-RNTI.
· Introduce a new aperiodic CSI reporting mode 1-1 to contain only wideband information
· This is configured by higher-layer signaling
Moreover, there are the following working assumptions in the last meeting:
· For A-CSI reporting without UL-SCH, 
· Maximum number of PUSCH PRBs is [24 or 32 or 30 or 45].
In this contribution, further A-CSI (aperiodic CSI) feedback enhancements for eCA and the remaining issues are discussed.
2 CRC and coding scheme for A-CSI reporting

In Rel.12, the maximum size of A-CSI report for a single serving cell is 112 bit for the DL bandwidth of 100 RB with PUSCH Mode 3-2 assumed up to Rel.12. The maximum payload size of A-CSI for 5 carriers is 5*112=560 bits assuming PUSCH Mode 3-2 for each serving cell. For the carrier aggregation up to 32 carriers, it is agreed that one CSI triggering DCI is able to trigger reports for at most 32 CSI processes. Then the maximal payload size of A-CSI for 32 carriers would be 32*112=3584 bits.

Due to the large payloads and large amount of PRBs (i.e., coded bits), turbo code should be considered to support large payload of A-CSI transmission. It is discussed in [1] that turbo code could provide better performance than the TBCC when the payload size of A-CSI+CRC is above 140 bits. On the other hand, Currently, CRC lengths of 8 or 24 bits are supported in the uplink. If a 24-bits CRC is attached to the A-CSI reports, the maximum size of A-CSI report for a single serving cell would be 136 bit which is close to the boundary between Turbo coding and TBCC performance in PUSCH in [1]. Then for no more than 112bits A-CSI transmission in PUSCH, TBCC with a CRC length of 8 could be used as was always operated while turbo coding with 24 bits CRC could be used for more than 112 A-CSI bits.  
Proposal 1: For A-CSI channel coding:

· For payloads up to 112 bits, TBCC is used  with a CRC of length 8
· For payloads more than 112 bits, Turbo Code is used, with a CRC length of 24.
3 A-CSI reporting without UL-SCH data
In Rel.12, the maximum number of PRBs allocated for PUSCH without UL-SCH data is equal to 20 in order to distinguish A-CSI reporting without UL-SCH data on PUSCH and A-CSI reporting with UL-SCH data on PUSCH. For example, if A-CSI is triggered, the MCS index is 29 and the resource allocation is no more that 20 PRBs, there is no associated transport block and UCI is transmitted without UL-SCH data. Currently, there is the working assumption that the maximum number of PRBs for PUSCH without UL-SCH data is [24 or 32 or 30 or 45] for eCA in Rel.13.  
The A-CSI performance should at least not be worse than A-CSI transmission with 20 PRBs for 5 CCs. The required number of PRBs as function of the  number of A-CSI reports (each being 112 bits) is evaluated as shown in Figure 1, assuming the similar required SNR (about 3 dB) for a block error rate (BLER) of 1% as for transmitting 5 carriers A-CSI (5*112=560 bits) with 20 PRBs. The simulation assumptions could be found in the appendix and the simulation results for 32 A-CSI reports with 3584 bits and 16 A-CSI reports with 1972 bits is also shown in the appendix.
[image: image1.png]s0

s

B

30

25

Required RB number

5

Required number of RBs for each A-CSI reports number

7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Number of A-CSI reports




Figure. 1 Required number of PRBs as function of the number of A-CSI reports, each containing 112 bits, for achieving 1% BLER at the same SNR as for transmitting 5 A-CSI reports using 20 PRBs.
It is observed that required number of PRBs for A-CSIs reports increases with the number of A-CSI reports and 45 RBs could be used as the threshold for up to 32 triggered A-CSI reports.
Proposal 2: The maximum number of allocated PRBs in PUSCH for A-CSI reporting for up to 32 A-CSI reports without UL-SCH data should be 45 PRBs.
4 Simultaneous transmission of A-CSI and P-CSI on PUSCH
In the current specification, in case both periodic and aperiodic CSI(s) reports would occur in the same subframe, the UE shall only transmit the A-CSI reports. That is due to the A-CSI reports providing more instantaneous and accurate CSI and is considered more important than the periodic CSI(s). At the same time, the collision between P-CSI(s) and A-CSI(s) from the same cell could be avoided for most of the cases.

In RAN1#82bis, it was agreed that to have per-CC configuration of periodic CSI (up to 32 CCs) as in Rel-12, i.e., reporting mode, periodicity, subframe offset (separately for RI and CQI/PMI), PUCCH format 2 resource are cell specifically configured. At the same time, there are only 2 UE-specific multi P-CSI resources. Hence, due to different characteristics of the cells (PCell, SCell, LAA SCell etc), there could be considerable amount of collisions between P-CSI reports and A-CSI reports from different cells. Dropping of multiple P-CSIs would be particularly undesirable, e.g., 1 A-CSI report may cause dropping of 31 P-CSI reports.
Therefore, simultaneous transmission of P-CSI(s) and A-CSI(s) from different cells should be supported for Rel.13 CA configurations. For the cell(s) where the P-CSI and A-CSI collides in the same subframe, the A-CSI would be transmitted while the P-CSI is dropped. For the cell(s) where there is only P-CSI or only A-CSI in the subframe, the P-CSI/A-CSI would be transmitted.
Proposal 3: Simultaneous transmission on PUSCH of periodic CSI(s) and A-CSI(s) from different cells is supported in Rel.13.
5 Simultaneous transmission of A-CSI and SR
Currently, if the UE is not configured for simultaneous PUSCH and PUCCH transmission, when aperiodic CSI report with no associated transport block and positive SR is transmitted in the same subframe, the UE shall transmit SR and drop the aperiodic CSI. The impact caused by aperiodic CSI dropping may not be too severe when the carrier aggregation is for no more than 5 cells. For the carrier aggregation up to 32 cells, it is possible that large amount of A-CSI reports has to be dropped due to the simultaneous SR existence. For example, the use of A-CSI may be more frequent on LAA SCells for the reference signal could not be always transmitted according to the configuration due to the opportunistic transmission characteristic. Such dropping would cause much impact on the DL scheduling and should be avoided. Therefore, it is beneficial to enable simultaneous A-CSI and SR transmission in one subframe on PUSCH without UL-SCH data. If there is HARQ-ACK in the PUSCH, the SR is jointly encoded with the HARQ-ACK. The A-CSI and SR could be jointly encoded when there is no simultaneous HARQ-ACK in the PUSCH.
Proposal 4: If the UE is not configured for simultaneous PUSCH and PUCCH transmission, when A-CSI report without transport block associated and SR are transmitted in the same subframe, the A-CSIs and SR are simultaneously transmitted on the PUSCH. 
· The A-CSI and SR could be jointly encoded when there is no simultaneous HARQ-ACK in the PUSCH.
6 Clarifications on the A-CSI reports
6.1 Clarifications on the A-CSI reporting mode 1-1

In the previous meeting, it was agreed to introduce a new A-CSI reporting mode 1-1 to contain only wideband information. However, which transmission modes that could be served by the new A-CSI reporting mode 1-1 and the corresponding channel quality information formats has not been defined. There are two options to define the details for the new A-CSI reporting mode 1-1:

Option 1: reuse the current periodic reporting mode 1-1
The periodic reporting mode 1-1 is supported with TM 4,5,6,8,9,10. If the aperiodic reporting mode 1-1 is based on the current periodic reporting mode 1-1, the channel quality information formats defined for periodic reporting mode 1-1 could be reused. With the same CQI formats, the corresponding transmission mode to the periodic reporting mode 1-1, could also be reused for the A-CSI reporting mode 1-1 which includes TM 4,5,6,8,9,10. As a result, no extra specification efforts are foreseen with the option 1.
Option 2: reuse the current aperiodic reporting mode 1-2 with assuming 
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The aperiodic reporting mode 1-2 is supported with TM 4,6,8,9,10. If the CQI/PMI/RI contents for aperiodic reporting mode 1-2 is reused for the new aperiodic reporting mode 1-1 with N=1, the available channel quality information formats are different from the aperiodic reporting mode 1-2 since only the wideband PMI is included in the new aperiodic reporting mode 1-1 while multiple subband PMI could be obtained with aperiodic reporting mode 1-2. With the different channel quality information formats, it is uncertain whether the transmission modes supported by aperiodic reporting mode 1-2 could also be supported with the new aperiodic reporting mode 1-1. Additional evaluations may be neededTherefore, it is undesirable to use option 2 to support the new aperiodic reporting mode 1-1 considering extra specification efforts.

Proposal 5: Reuse the supported transmission modes and the corresponding channel quality information formats from the current periodic CSI reporting mode 1-1 to support the new wideband aperiodic CSI reporting mode 1-1.

6.2 Clarifications on the A-CSI reports triggering 
To improve the flexibility of aperiodic CSI triggering, it is supported to increase the number of aperiodic CSI sets and to increase A-CSI request field to be 3 bits when the UE is configured with Rel.13 CA configuration (e.g., more than 5 CCs). However, there are no agreements on whether the A-CSI request field should be increased to 3 bits if more than 5 CSI processes are configured by higher layers. 

Since there are no special requirements of further CSI processes triggering flexibility observed, the bit width for A-CSI request field could be independent of the configured number of CSI process.
Proposal 6: The bit width for A-CSI request field could be independent of the configured number of CSI processes.
7 Conclusions
In this contribution, further A-CSI (aperiodic CSI) feedback enhancements for eCA and the remaining issues are discussed. The following proposals are reached:
Proposal 1: For A-CSI channel coding:

· For payloads up to 112bits, TBCC is used  with a CRC of length 8
· For payloads more than 112 bits, Turbo Code is used, with a CRC length of 24.
Proposal 2: The maximum number of allocated PRBs in PUSCH for A-CSI reporting for up to 32 A-CSI reports without UL-SCH data on should 45 PRBs.

Proposal 3: Simultaneous transmission on PUSCH of periodic CSI(s) and A-CSI(s) from different cells is supported in Rel.13.

Proposal 4: If the UE is not configured for simultaneous PUSCH and PUCCH transmission, when A-CSI report without transport block associated and SR are transmitted in the same subframe, the A-CSIs and SR are simultaneously transmitted on the PUSCH. 
· The A-CSI and SR could be jointly encoded when there is no simultaneous HARQ-ACK in the PUSCH.

Proposal 5: Reuse the supported transmission modes and the corresponding channel quality information formats from the current periodic CSI reporting mode 1-1 to support the new wideband aperiodic CSI reporting mode 1-1.

Proposal 6: The bit width for A-CSI request field could be independent of the configured number of CSI processes.
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Appendix

Table A1. Simulation assumption
	Parameter
	Setting

	Carrier frequency
	2 GHz

	Carrier bandwidth
	20 MHz

	Channel model
	EPA, 3 km/h

	Antenna setup
	1Tx, 2Rx, antenna correlation = 0.5

	Channel coding
	Turbo

	HARQ
	OFF

	Channel estimation
	LS

	Number of scheduled PRBs in one slot
	20, 30, 40, 50

	Codebook size
	560bits (5 CCs); N*112 bits where N=6,7,…32 (6~32 CCs)

	Modulation scheme
	QPSK

	Performance metric
	SNR targeting 1% BLER


The SNR-BLER performance of 32 and 16 A-CSI reports for different number of PRBs is evaluated as shown in Figure 2. 
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Figure. 2 BLER of 32 and 16 A-CSI reports for different number of PRBs











































































_1507540531.unknown

_1507540561.unknown

