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1
Introduction
The introduction of UE-selected subband CSI reporting test cases had been discussed and evaluated quite extensively in the past three RAN4 meetings. During the last RAN4#57AH meeting, the technical work on defining verification framework for CQI 2-x reporting continued [5-11] and agreeable configurations for PUSCH 2-0 and PUCCH 2-0 modes are reached in [12] and supported by 18 companies for the inclusion of these tests in 36.101.
Progressing in parallel, the necessity of these tests, system performance results and benefits from using the UE-selected reporting feature are discussed [1-5]. However, different views are provided and no consensus is reached on whether test cases should be introduced in RAN4 or not. At the end of discussion, it was suggested that the usefulness of the feature should first be identified as the justification for introducing those test cases.

In this contribution, we provide summary of discussions and identify usefulness / benefits of UE-selected subband reporting feature.
2
Usefulness of UE-selected CSI reporting

The usefulness / benefit of UE-selected subband CQI can be categorised into three aspects, specifically the system / user performance, feature difference and live network operation. In the following, we summarise key benefits of using UE-selected reporting modes in each of these three aspects.
2.1
System and user performance

Performance comparisons of different CSI reporting modes for SIMO transmission and MIMO transmission with precoding are provided in [2] and [3]. These system and user performance results provide good comparison in both periodic and aperiodic CSI feedbacks. Since simultaneous usage of periodic and aperiodic CSI reporting is not expected to be practical (further explained in Section 2.3), these performance results of individual reporting modes provide insights into relative performance gain that can be expected. In [3], system performance results show:
In periodic CSI reporting:
· In both light and heavy traffic load conditions with SIMO transmission, period CQI reporting on PUCCH 2-0 has gain over PUCCH 1-0 in terms of mean user throughput as well as 5% (cell edge) throughput.
· In light traffic load condition with MIMO precoding, period CQI reporting on PUCCH 2-1 has gain over PUCCH 1-1 in both mean user and 5% (cell edge) throughput.

In aperiodic CSI reporting:

· The PUSCH Higher Layer-configured (Mode 3-1) and UE-selected (Mode 2-2) CQI perform comparably with MIMO precoding. When traffic load is light, PUSCH 2-2 has a better throughput performance than PUSCH 3-1.
· For SIMO transmission, both Higher Layer-configured (Mode 3-0) and UE-selected (Mode 2-0) CQI perform comparably.
2.2
Feature Differences
In periodic CSI reporting, when PUCCH 1-x is configured, the UE is expected to report:
· one wideband CQI and (when applicable) one PMI for the whole system bandwidth
On the other hand, when PUCCH 2-x is configured, the UE is expected to report:
· one wideband CQI and (when applicable) one PMI for the whole system bandwidth
· one CQI value for the selected subband in each of the bandwidth parts

It is immediately obvious that reporting of subband CQI with additional information to the eNB can provide better scheduling of DL data to the user. System performance gains from using UE-selected CSI in periodic reporting are shown in [2, 3] and summarised in the above Section 2.1. While there may be some drawbacks of using UE-selected CSI on PUCCH as pointed out in [3], some key benefits are listed as follow.
· Reception of subband CQI reports is not dependent on the previous wideband CQI being correctly received. That is, no error propagation in decoding CQI reports since all CQI reports are independently encoded.
· Usage of UE-selected subband CSI reporting on PUCCH is quite practical since no further aperiodic CSI reporting on PUSCH would be needed to obtain the partial channel information.
· Number of bits required for transmitting subband CSI information is much smaller than aperiodic subband CSI reporting as shown in [2], i.e. payload size of a Higher Layer-configured PUSCH 3-1 CSI report requires 64 bits in 20MHz system bandwidth with 4Tx single codeword and a UE-selected PUCCH 2-1 report requires only 11 bits.

· In slow fading condition, reporting per bandwidth part will not require a high reporting frequency to benefit from the frequency selective CSI reports.

In aperiodic CSI reporting, when PUSCH 3-x is configured, the UE is expected to report:

· one wideband CQI per codeword and (when applicable) one PMI for the whole system bandwidth

· multiple differential CQI values for the whole system bandwidth (one differential CQI per subband per codeword)
On the other hand, when PUSCH 2-x is configured, the UE is expected to report:

· one wideband CQI per codeword and (when applicable) one wideband PMI for the whole system bandwidth
· one differential CQI per codeword and (when applicable) one PMI for transmission over M best subbands
As seen, both Higher Layer-configured and UE-selected CSI reporting features for frequency selective scheduling are very similar. The difference in subband CQI feedback is designed to cater for different scheduling use case. For instance, the multiple subband CQI in Higher Layer-configured reporting is ideal for scheduling a large number of active downlink users where allocation of subbands and MCS to each user can be better targeted. On the other hand (for smaller number of users), preferred subbands are often available to the users and hence the use of UE-selected reporting would be very useful. In the following, some other key benefits are listed.
· The cost of aperiodic CSI reporting for frequency selective scheduling using the UE-selected subband mode is much lower. It has been shown in [2] that PUSCH 3-1 reporting will incur up to 82% more uplink overhead than PUSCH 2-2 in 20MHz 2Tx dual codeword transmission.
· With significant smaller uplink overhead in UE-selected CSI reports, the impact of error propagation due to lost of wideband CQI is much less server compare to Higher Layer-configured modes. Furthermore, less precious uplink resources wasted.
· This is the only reporting mode capable of providing both multiple PMI and subband CQI information to the eNB. And hence, better optimisation of downlink scheduling and precoding at the subband level can be achieved.
2.3
Live Network Operations
The main purpose of CSI reporting is to assist eNB to optimally schedule MCS and appropriately allocate resources (both time and frequency) to the users. According to 36.213, there are total of 9 different CSI reporting modes currently specified for LTE. And these CSI feedback can be semi-statically configured either periodic reporting on PUCCH or aperiodic reporting on PUSCH. Moreover, CQI feedback on PUCCH and PUSCH for downlink transmission can be further categorised into frequency-selective or frequency non-selective scheduling modes. And thus in a multi-user network environment, the selection of reporting mode to each user needs to be optimised to suit its purpose, channel condition, and also user traffic type. As pointed out in [3], PUCCH resources are often scarce and its capacity is limited by both inter- and intra- cell interferences. Therefore, network configuration of CSI feedback on PUCCH and PUSCH to each user needs to be carefully selected. 

Considering a network is serving multiple users with variety types of traffic patterns (web browsing, FTP, video conferencing, and etc). Uplink data transmission is not always necessary for all users. And even if uplink data transmission is necessary, uplink bandwidth allocation is not always guaranteed and it is only available when scheduled. In such common scenario, CSI transmission on PUSCH should be utilised as much as possible for users with fixed uplink scheduling to reduce feedback load and interference on PUCCH. In this case, periodic CSI reporting on PUCCH would cease since both wideband and subband CQI information are available in aperiodic CSI reports. Therefore, a combined usage of periodic and aperiodic CSI reporting that has been suggested before would be very unrealistic. 

As for the remaining users, it will be unavoidable to configure periodic CSI reporting on PUCCH. While it is nice that these feedback information should be limited and restricting to the use of wideband CQI/PMI reports only (i.e. PUCCH 1-0/1-1 modes), channel information at subband level (from UE-selected CSI reports) would enable very valuable frequency-selective downlink scheduling among these users. Therefore, a good balance should be achieved between system performance and CSI overhead.
In addition, suggested combined usage of periodic CSI reporting (PUCCH 1-0) to provide an initial estimate of MCS for the first few transport blocks when data starts to be scheduled, then switching to aperiodic CSI (PUSCH 3-0) would not give optimised scheduling at the beginning of transmission. This is due to lack of subband information. In contrast, using PUCCH 2-x reports will give this valuable subband information to eNB in providing optimised downlink scheduling. At the same time, it will not increase PUCCH overhead compared to 1-x modes with wideband CQI reports only.
3
Conclusions

In this contribution, detailed examination and discussions are provided for the UE-selected subband CQI 2-x reporting, and key usefulness of the feature are identified from the view points of system/user performance, feature differences, and live network operations. Therefore, it is proposed
· to include test cases for the PUCCH and PUSCH 2-x reporting modes.

In the following, we summarise these key usefulness and benefits.

System / User Performance Gain

In periodic CSI reporting:

· In both light and heavy traffic load conditions with SIMO transmission, period CQI reporting on PUCCH 2-0 has gain over PUCCH 1-0 in both mean user and 5% (cell edge) throughputs.

· In light traffic load condition with MIMO precoding, period CQI reporting on PUCCH 2-1 has gain over PUCCH 1-1 in both mean user and 5% (cell edge) throughputs.

In aperiodic CSI reporting:

· The PUSCH Higher Layer-configured (Mode 3-1) and UE-selected (Mode 2-2) CQI perform comparably with MIMO precoding. When traffic load is light, PUSCH 2-2 has a better throughput performance than PUSCH 3-1.
· For SIMO transmission, both Higher Layer-configured (Mode 3-0) and UE-selected (Mode 2-0) CQI perform comparably.
Feature Benefits
For PUCCH 2-x:

· Reception of subband CQI reports is not dependent on the previous wideband CQI being correctly received. That is, no error propagation in decoding CQI reports since all CQI reports are independently encoded.

· Usage of UE-selected subband CSI reporting on PUCCH is quite practical since no further aperiodic CSI reporting on PUSCH would be needed to obtain the partial channel information.

· Number of bits required for transmitting subband CSI information is much smaller than aperiodic subband CSI reporting as shown in [2], i.e. payload size of a Higher Layer-configured PUSCH 3-1 CSI report requires 64 bits in 20MHz system bandwidth with 4Tx single codeword and a UE-selected PUCCH 2-1 report requires only 11 bits.

· In slow fading condition, reporting per bandwidth part will not require a high reporting frequency to benefit from the frequency selective CSI reports.

For PUSCH 2-x:

· The cost of aperiodic CSI reporting for frequency selective scheduling using the UE-selected subband mode is much lower. It has been shown in [2] that PUSCH 3-1 reporting will incur up to 82% more uplink overhead than PUSCH 2-2 in 20MHz 2Tx dual codeword transmission.

· With significant smaller uplink overhead in UE-selected CSI reports, the impact of error propagation due to lost of wideband CQI is much less server compare to Higher Layer-configured modes. Furthermore, less precious uplink resources wasted.

· This is the only reporting mode capable of providing both multiple PMI and subband CQI information to the eNB. And hence, better optimisation of downlink scheduling and precoding at the subband level can be achieved.

Live Network Operations

· Additional subband CSI information on PUCCH will facilitate a more optimised downlink scheduling for users that do not have allocated PUSCH bandwidth.
· Using PUCCH 2-x reports will give valuable subband information to eNB in providing optimised downlink scheduling at the beginning of the transmission. At the same time, it will not increase PUCCH overhead compared to 1-x modes with wideband CQI reports only.
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