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1 Introduction

This is revised from R1-1801782. In this contribution, we discuss some potential enhancements to CSI feedback for URLLC. Some details on A-CSI on short PUCCH are provided and an enhanced CSI feedback scheme is also proposed.
2 A-CSI on Short PUCCH
The support of A-CSI on S-PUCCH was agreed in RAN1 AH #3 meeting [1], but not completed by Dec. 2017. In this section, we provide our thinking and detailed solutions to support this feature. To facilitate the discussion, some related-agreements reached in previous meetings are summarized in Appendix.
2.1 Motivation 
In cellular communication systems, CSI feedback is used to adjust the DL transmissions. However, the DL URLLC transmission may be sporadic, and the periodic CSI report cannot track the channel variation to adjust the scheduling in an efficient manner. Without proper CSI feedback, the gNB has to schedule the DL URLLC transmission in the most conservative way. For example, the allocated resources, MCS level, MIMO mode, transmission power, and etc. for each transmission should be robust enough to meet the URLLC reliability requirements. This is inefficient from the resource usage point of view. For this issue, aperiodic CSI (A-CSI) on short PUCCH (S-PUCCH) is proposed for quick and timely CSI acquisition and link adaption. 

Generally speaking, although there is no consensus on how to realize A-CSI report on short PUCCH (S-PUCCH), most of companies indeed support this feature with only a few companies object it. In details, some companies think that we can achieve the same effect by reusing the A-CSI report on PUSCH due to the flexible scheduling timing and symbol allocation of PUSCH. However, as analyzed above, the feature is mainly designed for DL-dominant slots to enable fast link adaption for the subsequent transmission of URLLC. Users often have no uplink data in such cases, and hence gNB should transmit an UL grant to exclusively trigger an A-CSI report on PUSCH without data. This is inefficient, and bundling A-CSI report with UL grant will unavoidably bring in more control resource consumption (and hence a large PDCCH blocking probability) at gNB as well as more DCI blind detections (and hence large power consumption and longer processing time) at UE. Other companies concern whether we can complete this feature in Rel-15, and propose to postpone this feature as an alternative option.

For this end, we propose to support A-CSI on S-PUCCH in NR Rel-15, and complete the detailed designs on the left meetings in the first half of 2018.
2.2 Trigger Method
During the email discussion, most of the companies prefer to use DL-related DCI to trigger A-CSI report on S-PUCCH. Two main concerns on Alt 1 from these two companies are summarized. 
· Firstly, if HARQ-ACK and A-CSI are transmitted on one PUCCH resource, the reliability would be degraded; otherwise, it needs extra bit fields to indicate PUCCH resource for A-CSI in DCI and hence increase the DCI overhead. 
· Secondly, operation with CA is unclear, especially when multiple cells trigger A-CSI. 
The first issue will be analyzed in the next section, and it can be found that HARQ-ACK and A-CSI can be transmitted on either the same PUCCH or separate PUCCH resources without any reliability degradation or any extra bits in DCI. The second issue is an enhancement for this feature and can be discussed later. In our opinion, this may not be a serious issue since the A-CSI report on S-PUCCH may only contain wideband reporting (or even wideband CQI for URLLC) with limited payload size. As a result, all these reports can be jointly transmitted in one PUCCH resource. Alternatively, if one still worry about the PUCCH capacity, we can simply restrict A-CSI on S-PUCCH to be triggered for a single cell at a time, and hence no problem occurs in case of CA. When there is a need to simultaneous report A-CSI reports for multiple cells, it is better to utilize A-CSI on PUSCH to achieve this goal. 

Note that if the A-CSI report is triggered by a UL-related DCI, then there is no difference between A-CSI on S-PUCCH and PUSCH, since PUSCH can also be allocated flexibly with a short time duration. Meanwhile, return back to the motivation to support A-CSI on S-PUCCH, there is no necessity to bundle A-CSI trigger with an UL grant, and hence Alt 1 should be supported.

Proposal 1: A-CSI report on S-PUCCH should be triggered by DL-related DCI.
2.3 Resource allocation and Timing indication
It has been agreed that UE can be configured with a set of PUCCH resources through high-layer signalling and then indicated by DCI to use one PUCCH resource to report HARQ-ACK. Similarly, the joint semi-static configuration and dynamic indication method can be adopted for resource allocation for the A-CSI report. Note that the allocated resources for HARQ-ACK and A-CSI can be either a same one or two different resources in a TDM manner. 

Fig. 1 shows the former choice, where the PUCCH resource indicated by resource allocation bit in DCI is also the PUCCH resource for A-CSI. Consequently, the potential PUCCH resources configured by RRC should be all of short PUCCH format. Two potential cases should be analyzed, as shown in Case 1-1 and Case 1-2 in Fig. 1. The first case is that HARQ-ACK and A-CSI share the same feedback timing, i.e., the timing of A-CSI follows the indication for HARQ-ACK, and hence the PUCCH resource for these two message is identically the same. In such a case, joint coding of HARQ-ACK and A-CSI is expected. Note that this will not degrade the HARQ-ACK and A-CSI transmission reliability since the PUCCH resource selection is based on both the DCI indication and the HARQ-ACK payload size. Then we can simply re-select the PUCCH resources by taking the A-CSI payload size into account. The second case is that HARQ-ACK and A-CSI have different timings. This is more flexible since the signal decoding is always more time demanding than A-CSI measurement, especially when only wideband CQI is required.
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Fig. 1 Same PUCCH resource for HARQ-ACK and A-CSI
With respect to different PUCCH resources for HARQ-ACK and A-CSI, we can still reuse the resource allocation field for HARQ-ACK to jointly indicate two different PUCCH resources in one slot. That is, each RA index in DCI is related to two TDMed PUCCH resources, one for HARQ-ACK and the other for A-CSI, as shown in Fig. 2. Similarly, the feedback timing for HARQ-ACK and A-CSI could be identical or different, as shown in Case 2-1 and Case 2-2. Different from the previous method, the two sets of PUCCH resources for HARQ-ACK and A-CSI could be configured separately, and only the second one needs to be of short PUCCH format. Nevertheless, the method of allocating different PUCCH resources is more complicated and hence it is preferable to support the same PUCCH resource for HARQ-ACK and A-CSI triggered by one DCI.
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Fig. 2 Different PUCCH resources for HARQ-ACK and A-CSI
Proposal 2: Reuse the resource allocation bit field for HARQ-ACK in DL-related DCI to indicate resource allocation for A-CSI, while the allocated resources for HARQ-ACK and A-CSI should be the same. 

Until now, only Y = 0 is agreed and Y > 0 is only a working assumption, where Y is the feedback timing of A-CSI report on S-PUCCH. However, NR supports more flexible DL-UL configurations and various UE capabilities, and hence flexible A-CSI timing should be supported. That is, Y > 0 should be agreed for A-CSI report on S-PUCCH. Besides, as shown in Fig. 1 and Fig. 2, if DL DCI triggers both HARQ-ACK and A-CSI, they may be fed back either in the same slot or in different slots. Considering the required processing time for data decoding and CSI measurement are always different, timing indication for HARQ-ACK and A-CSI should be separate to enable A-CSI and HARQ-ACK fed back in different slots. Observation: Y > 0 should be supported for A-CSI report on S-PUCCH to accommodate the flexible DL-UL configuration and various UE capabilities.

Proposal 3: For a DL DCI triggering both HARQ-ACK and A-CSI, separate timing indication should be supported to enable A-CSI report and HARQ-ACK feedback in different slots.
3 Low-Latency CSI feedback
In the last meeting, the concept of low-latency CSI (LL-CSI) is proposed to substitute the low-complexity CSI [3]. In this section, LL-CSI on S-PUCCH is studied, which can be deemed as a detailed and enhanced implementation method for A-CSI on S-PUCCH, aiming at to further reduce the required signal processing time as well as the feedback information size.

3.1 CSI measurement
For traditional A-CSI on PUSCH, the CSI-RS for CSI measurement is informed by CSI-Request field in UL grant. Similarly, for A-CSI on S-PUCCH, a CSI-Request field should be added in DL-related DCI to trigger A-CSI report and in the meantime, inform UE of the CSI-RS for CSI measurement. However, to obtain the CSI report, both channel measurement and interference measurement should be executed. Considering A-CSI on S-PUCCH is mainly designed for DL URLLC which requires quick CSI acquisition at gNB for link adaption in the next transmissions, a fast CSI measurement based on DMRS is proposed. That is, UE directly utilizes the channel estimation results from DMRS to get the currently achievable SINR or SINRs if multi-layer transmission is adopted or multiple codewords are transmitted, and hence no extra time consumption is needed for CSI measurement. Then the obtained SINR is exploited to calculate the SINR gap, either between the current SINR and the most recent feedback value or between the current SINR and the target SINR for a given BLER target. With this process, the range of feedback value is greatly compressed, and accordingly the feedback information size is greatly reduced, resulting in more reliable CSI feedback. Finally, the SINR gap is fed back to gNB to aid the link adaption in the next transmission. Note that URLLC is often bandwidth consuming, i.e., delivered on a wide band within a short duration. Hence the obtained SINR and SINR gap can be deemed as the wideband CQI and wideband CQI difference respectively to some extent.
Obviously, LL-CSI is more quick and reliable, and hence suitable for URLLC. Note that the CQI is measured from DMRS, and hence may be a wideband since URLLC service always occupies a large bandwidth. Nevertheless, since only CQI information, or more accurately only the SINR information, is fed back, gNB cannot adjust the precoding strategies flexibly. By contrast, other transmission parameters, including the transmit power and MCS, could be adjusted timely to achieve ultra-reliable transmission in an efficient way. This issue may be not serious for small packet transmission where transmit diversity is preferred considering the ultra-reliability requirement for URLLC. However, when the packet size is large, beamforming and precoding may be required to increase the transmission capacity, and then the CSI measurement and feedback process should be re-designed to further contain the RI and PMI information.

Proposal 4: LL-CSI report based on CSI measurement from DMRS should be supported, in which the CQI difference is fed back for MCS adjustment at gNB.

3.2 Joint feedback for HARQ-ACK and LL-CSI

The aforementioned resource allocation as well as timing indication method for A-CSI could also apply for LL-CSI report. Moreover, the feedback for A-CSI can be improved. During the email discussion, many companies think that HARQ-ACK and A-CSI should be jointly encoded and transmitted if only one PUCCH resource is allocated, while separate feedback is adopted if the resources are TDMed in either one slot or different slots. As an optimization, we can also joint encode these two messages and transmit the encoded information on one of the separate PUCCH resources if the selected PUCCH resource is large enough to bear these two messages reliably. Then the other resource can be left for other purpose. Alternatively, UE would jointly encode HARQ-ACK and LL-CSI in a more efficient way, e.g. 

· For ACK, LL-CSI is dropped and ACK is fed back since the subsequent transmission can be omitted.
· For NACK, NACK is dropped and LL-CSI is fed back to implicitly indicate the NACK aid the link adaption in the next transmission.

As a result, only one message is transmitted and hence one PUCCH resource is needed, which greatly reduces the resource consumption.
Proposal 5:  The following joint encoding and feedback method should be supported for HARQ-ACK and LL-CSI report.
· For ACK, LL-CSI is dropped and ACK is fed back,
· For NACK, NACK is dropped and LL-CSI is fed back.
4 Conclusion
In this contribution, further considerations on UCI feedback for URLLC are addressed. The following observation and proposals are reached.
Observation: Y > 0 should be supported for A-CSI report on S-PUCCH to accommodate the flexible DL-UL configuration and various UE capabilities.

Proposal 1: A-CSI report on S-PUCCH should be triggered by DL-related DCI.
Proposal 2: Reuse the resource allocation bit field for HARQ-ACK in DL-related DCI to indicate resource allocation for A-CSI, while the allocated resources for HARQ-ACK and A-CSI should be the same. 

Proposal 3: For a DL DCI triggering both HARQ-ACK and A-CSI, separate timing indication should be supported to enable A-CSI report and HARQ-ACK feedback in different slots.
Proposal 4: LL-CSI report based on CSI measurement from DMRS should be supported, in which the CQI difference is fed back for MCS adjustment at gNB.
Proposal 5:  The following joint encoding and feedback method should be supported for HARQ-ACK and LL-CSI report.

· For ACK, LL-CSI is dropped and ACK is fed back,
· For NACK, NACK is dropped and LL-CSI is fed back.
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5 Appendix: Related Agreements
The agreements related to A-CSI on short PUCCH are summarized, including [1][2][3]
Agreement
· Support A-CSI on short PUCCH using higher-layer PUCCH resource configuration and DCI-based triggering, [working assumption: including with Y>0]

· FFS: timing relationship relative to CSI-RS
Agreement
· For A-CSI on short PUCCH with single CSI report, down-select from the following.
· Alt 1
· The CSI report is triggered with CSI request field in DL-related DCI.
· UE-specific or UE-group-specific DCI is to be discussed in control channel session.
· PUCCH resource indicator field in DL-related DCI indicates the PUCCH resource for the triggered CSI report from a set of higher-layer configured PUCCH resources.

· Alt 2

· Use UE-specific UL-related DCI, CSI request field triggers a CSI report. It is indicated in the CSI Report Setting if PUCCH or PUSCH is used.

· Alt 3

· Use UE-specific UL-related DCI, indication on if PUCCH or PUSCH is used is determined by bit in DCI.
Agreement
· For triggering A-CSI on short PUCCH, the scheme(s) are to be decided by control channel and/or scheduling/HARQ session(s) in RAN1#91.

· Choose at least one from Alt1, Alt2, and Alt3.

· In choosing the scheme(s), consider CA (multi-cell) operation as well as transmission of HARQ-ACK and A-CSI in separate TDMed short PUCCH allocations and in a same short PUCCH allocation.

Agreement:

· The terminologies for Low Complexity CSI and High Complexity CSI are changed to Low Latency CSI and High Latency CSI, respectively

· For CSI computation capability,

· Two CSI latency classes are supported. 

· Low Latency CSI class is defined as WB CSI including maximum 4 ports

· Only applicable for Type-I codebook or when PMI is not configured

· High Latency CSI class is defined as the superset of all CSI that is supported by the UE

· Above does not apply for L1 RSRP.
