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1 Introduction

Aperiodic CSI transmission was discussed in RAN1#81 and the following working assumption was made. 

Working assumption:
· To improve the flexibility of aperiodic CSI triggering in Rel-13 CA, at least it is supported to increase the number of aperiodic CSI sets compared to Rel-12 CA
· This does not imply that increased number of CSI request bits is necessary
· If the UE is configured with PUCCH on Scell, the above enhancement can be applied per PUCCH CG. 

· Further details is FFS 

This contribution considers A-CSI transmission aspects for up to 32 DL cells in eCA.   

2 A-CSI for eCA
A-CSI Triggering

For a UE having a large number of active DL cells, A-CSI triggering needs to improve in terms of granularity as there are currently only 2 states for the CSI request field in the UL DCI format scheduling the PUSCH that can map to cells for which the UE needs to report A-CSI. This is both for controlling the overhead of A-CSI reports and for ensuring that UEs with low/medium SINR can report A-CSI for all DL cells (e.g. by mapping of DL cells to different states of the CSI request field) without requiring any type of coverage enhancement.

It is preferable to keep the ‘01’ state as in Rel-12 as it should remain possible to trigger A-CSI only for a single DL cell associated with the UL cell of the PUSCH transmission. For example, this can be beneficial for a DL cell on a licensed spectrum in case DL cells on unlicensed spectrum are unavailable for scheduling. Moreover, using the ‘01’ state for triggering A-CSI for multiple DL cells can only offer a modest increase in the triggering granularity. 
The mapping granularity of the CSI request field can be increased either explicitly, or implicitly, or both. Explicit increase is by increasing the number of CSI request bits to 3 or 4. The impact on the (E)PDCCH link budget is negligible and (E)PDCCH capacity or blocking are not affected. Implicit increase is by having a different mapping for the 2 states (‘10’ and ‘11’) of the CSI request field depending on the subframe in a frame where A-CSI is triggered, and/or depending on the DL cell from which the A-CSI is triggered, and/or depending on the UL cell where the A-CSI is transmitted. 

Moreover, as a UE can have several DL cells that are deactivated, particularly in conjunction with operation on unlicensed spectrum, the UE should not report A-CSI for deactivated cells as this can frequently result to large unnecessary overhead. This is similar to reporting HARQ-ACK only for scheduled cells but, in the case of A-CSI, the overhead considerations are much more significant. Any ambiguity between the UE and the eNB regarding activated/deactivated cells (e.g. due to a HARQ-ACK error at the eNB, or due to an ambiguity of when the UE applies an activation/deactivation, or due an error by the UE regarding the availability of a DL cell on unlicensed spectrum) is a rare event and can be resolved by the eNB through a CRC test for the respective hypothesis. 

Proposal 1: Confirm the working assumption for increasing the mapping granularity of the CSI request field to DL cells. 

Proposal 2: A UE does not report A-CSI for deactivated cells. 

A-CSI Coding

A-CSI payloads for a single serving cell are up to 64 bits (excluding CRC) or even up to 116 bits for TM10 with 8 TX, rank 2 and sub-band CQI/PMI. As the number of serving cells that a UE can be configured for A-CSI reporting increases, respective information payloads can become several hundred or even several thousand bits. For example, for A-CSI report for 8 serving cells where each report has 64 information bits, the total A-CSI payload is 8x64+8=520 information bits. The maximum payload is 32x64+8 = 2056 bits (or 2072 if a 24-bit CRC is used) or, for TM10 with 8 Tx antennas, 32x116+24 = 3736 bits. Turbo coding (TC) outperforms TBCC for payloads above [130] bits and the gain of TC over TBCC is above 1 dB for payloads above ~500 bits and above 2 dB for payloads above ~1000 bits (Figure 1). Therefore, use of TC can result to significant spectral efficiency gains and/or improved link budget over TBCC for A-CSI payloads above a few hundred bits. 
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Figure 1: Gain of TC over TBCC as a Function of Payload

To avoid penalizing A-CSI reception reliability or to reduce A-CSI overhead and multiplexing capacity in the PUSCH, TBCC can be used for A-CSI information payloads smaller than or equal to [130] bits and TC can be used otherwise.  
Proposal 3: For A-CSI reporting, TBCC is used for A-CSI+CRC payloads of up to [140] bits and TC is used for higher A-CSI+CRC payloads. 

In Rel-12, HARQ-ACK and A-CSI are separately encoded. In general, allowing for joint coding of HARQ-ACK and A-CSI in eCA can improve link budget as the coding gains typically increase with the payload and single CRC overhead is needed. However, a network may operate HARQ-ACK and A-CSI with different BLER targets. In Rel-12, this is reflected by the independent configurations for 
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. Also, using TC for HARQ-ACK will effectively increase the HARQ-ACK timeline and this may impact overall HARQ time budget at the eNB. 

Proposal 4: Separate coding for HARQ-ACK and A-CSI on a PUSCH is also applicable for eCA. Joint coding can also be supported. 
A-CSI Modulation
Given the likely large A-CSI overhead in the PUSCH as the number of reported DL cells increases, having an eNB resort to PUSCH scheduling for only A-CSI transmission becomes more relevant. However, even for A-CSI only PUSCH, additional improvement in spectral efficiency is needed. For example, in Rel-12 and for a “CSI-only” PUSCH, a UE can use only QPSK and at most 20 PRBs to transmit the PUSCH. As the maximum A-CSI payload for 32 DL cells can be as large as 3736 bits, typical A-CSI payloads can be in the order of 1416 bits when a UE reports A-CSI for a moderate number of cells such as 12 DL cells. If the UE also multiplexes HARQ-ACK and RI that require, for simplicity assuming Rel-12 multiplexing, 4 PUSCH symbols and punctures the last SF symbol due to SRS transmission, a total of 3 subframe symbols is available for the A-CSI transmission of 1416 bits resulting to a code rate of ~1 for PUSCH transmission in 20 RBs. 
Although use of 16QAM for A-CSI-only transmission in a PUSCH was not adopted in previous releases, the payload requirements for A-CSI reporting when a UE has a large number of active DL cells make the spectral efficiency gains offered by QAM16 more important for eCA . 
Proposal 5: 16QAM modulation is supported when only A-CSI is transmitted in a PUSCH.
3 Conclusions

This contribution considered necessary enhancements for supporting CSI transmission in a PUCCH or in a PUSCH from a UE configured with up to 32 DL cells. In particular, the following are proposed.

Proposal 1: Confirm the working assumption for increasing the mapping granularity of the CSI request field to DL cells. 

Proposal 2: A UE does not report A-CSI for deactivated cells. 

Proposal 3: For A-CSI reporting, TBCC is used for A-CSI+CRC payloads of up to [140] bits and TC is used for higher A-CSI+CRC payloads. 

Proposal 4: Separate coding for HARQ-ACK and A-CSI on a PUSCH is also applicable for eCA. Joint coding can also be supported. 

Proposal 5: 16QAM modulation is supported when only A-CSI is transmitted in a PUSCH.
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