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1 Introduction

In 3GPP RAN1 NR #3, aperiodic CSI reporting on sPUCCH was agreed to be supported [1]. In RAN1 90b meeting, three alternatives for how to trigger A-CSI reporting on sPUCCH has been discussed, including 

· 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
The down-selection of these alternatives is not only relevant to CSI framework, but also has impact on other UCIs, such as HARQ-ACK/SR by sPUCCH. In addition, the DCI overhead should also be taken into account. Therefore, Mr. Chairman suggests to discuss this  issue under sPUCCH agenda with the following agreements [2].

Agreements:

· 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. 

This contribution analyzes the potential impact on sPUCCH and DCI composition by three alternatives respectively. 
2 Discussion  
A-CSI triggering by UL grant and A-CSI report transmission by PUSCH has been supported from LTE and is also supported by NR. Similar to LTE, A-CSI reporting can be transmitted together with UL-SCH in the scheduled PUSCH or transmitted without UL-SCH in the scheduled PUSCH (UCI-only). Considering that transmitting A-CSI with quite small payload by PUSCH over several OFDM symbols is less efficient than sPUCCH with one or two symbols, A-CSI reporting by sPUCCH is agreed in RAN1 Ad-hoc 3 meeting as a complementary method.

Now that the RRC configuration for A-CSI reporting and A-CSI request/timing bits in UL grant for A-CSI on PUSCH is in place, it is very simple and straightforward to support A-CSI transmission on sPUCCH by upgrading the configuration of A-CSI reporting. Specifically, whether to transmit A-CSI on PUSCH or on sPUCCH can be one parameter of A-CSI report setting configuration. For example, 6 sets of A-CSI reports can be configured for a 3-bit A-CSI request. For some sets, sPUCCH is configured while the others are configured for PUSCH transmission. Then, UE can differentiate the UL channel when A-CSI is triggered. 
Case 1: If A-CSI is triggered, UE only transmits A-CSI on sPUCCH, if certain code-points in UL grant indicate UCI-only and the triggered A-CSI report set is for sPUCCH. The slot for sPUCCH is indicated by the timing bit field for UL scheduling (K2). The PUCCH resource can be configured by higher-layer signaling or can be dynamically indicated by UL grant.  

Case 2: If A-CSI is triggered, UCI including A-CSI is transmitted on PUSCH without UL-SCH, if the certain code-points in UL grant indicate UCI-only and the triggered A-CSI report set is for PUSCH. 
Case 3: If A-CSI is triggered, UCI including A-CSI is transmitted on PUSCH with UL-SCH, if the certain code-points in UL grant don’t indicate UCI-only and the triggered A-CSI report set is for PUSCH. 

Obviously, compared with legacy A-CSI transmission on PUSCH, the newly defined behavior to support A-CSI on sPUCCH is only one further step to check the UL channel utilization (sPUCCH or PUSCH) configured for triggered A-CSI report set. The cost is just adding one bit in each A-CSI report set configuration in higher-layer signaling.    
If more flexibility is desirable, UL channel unitization for A-CSI report can be decoupled from A-CSI report configuration and indicated by a single bit in UL grant, i.e. Alt 3, if additional one bit overhead for DCI is not a critical issue.  
For both Alt 2 and Alt 3, in Case 1, gNB can allocate any desirable PRBs other than the semi-statically configured PRBs for sPUCCH by using the resource allocation (RA) bit filed in UL grant, because the indication of UCI-only transmission does use the RA bit field. Moreover, the starting symbol for sPUCCH can also be dynamically informed by the bit-field for PUSCH starting symbol indication other than the semi-statically configured in sPUCCH resource. Such flexibility of sPUCCH resource allocation does not only improve the sPUCCH resource efficiency for A-CSI, but also provides freedom to arrange sPUCCHs for different UCIs, e.g., if there is one sPUCCH for HARQ-ACK determined by DL assignment and one sPUCCH for A-CSI triggered by UL grant. 

In summary, if A-CSI transmission on sPUCCH is triggered by UL grant, there is no impact on DCI design (Alt 2) or just needs adding 1 bit in UL grant (Alt 3), and there is no impact on HARQ-ACK transmission. 
Observation 1: Using CSI request field in UL-grant to trigger A-CSI report on sPUCCH has no impact on HARQ-ACK, and marginal/no impact on UL DCI. 
The main motivation to support A-CSI triggering by DL DCI is the case of no UL traffic but very frequent DL traffic. 
In case of A-CSI triggering by DL assignment with DL data and given no separate timing indication for A-CSI reporting in the DL DCI, a UE needs to report A-CSI and HARQ-ACK of DL data together in the same sPUCCH. The PUCCH resource determination mechanism for simultaneous A-CSI and HARQ-ACK transmission is same as for HARQ-ACK only transmission, i.e. a set of sPUCCH resource is configured by higher-layer signaling and one resource within the configured set is indicated by the ARI field in the DL assignment, and the slot index of sPUCCH is indicated by HARQ-ACK timing bit field. However, simultaneous transmission of A-CSI and HARQ-ACK would degrade UCI performance due to the following facts:

· Once one PDCCH is miss-detected, UCI payload ambiguity happens. In case of HARQ-ACK multiplexing, e.g., multiple HARQ-ACK for PDSCHs on different carriers or in different slots/symbols on a single carrier, the UCI payload is determined by the number of scheduled PDSCHs and whether there is any A-CSI report triggered among these scheduled PDSCHs. As is shown in Figure 1, if PDCCH with DAI =2 is lost, UE does not know whether only 1 bit HARQ-ACK should be padded in the HARQ-ACK codebook or 1 bit HARQ-ACK + N bits A-CSI should be padded.  Correspondingly, the gNB has to perform PUCCH blind decoding at least twice.   
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Figure 1 UCI payload ambiguity in DTX case 
· The UCI payload would vary dramatically with and without A-CSI. If only one set of PUCCH resources is configured, it is quite difficult for a gNB to configure proper resources to accommodate various combinations of A-CSI (may vary with resource setting and CSI reporting setting) and HARQ-ACK (may vary with scheduled PDSCHs) with limited number of ARI bits, e.g., 4 resources by 2 bits ARI. This in return also likely requires changing the number of ARI bits depending on whether or not A-CSI by DL DCI is configured for a UE (which, on top of the A-CSI trigger in the DL DCI, further increases the DCI payload).   
· If multiple PUCCH resource sets are configured, different set of resources can be allocated according to HARQ-ACK only, or A-CSI only, or HARQ-ACK+A-CSI cases. However, once UE miss-detects at least one PDCCH, the UE may be incapable of choosing a proper set without knowing whether A-CSI is triggered by the lost PDCCH. If a wrong set is chosen by UE, there can be collisions with PUCCH transmission from another UE unless the gNB reserves both resources for HARQ-ACK only and HARQ-ACK+A-CSI transmission, which results to undesirable PUCCH resource waste and also PUCCH decoding complexity. 
· The maximum payload for sPUCCH would be around 20~ 30 bits [3] and the corresponding PRBs is about 8 (the exact value is not decided yet). The total number of A-CSI and HARQ-ACK bits may exceed the upper limit of sPUCCH or reach an undesirable large coding rate, thus reducing HARQ-ACK coverage. UCI compression may be applied, e.g., either dropping A-CSI or performing HARQ-ACK bundling, that leads performance degradation too. Alternatively, the gNB can be restricted by the HARQ-ACK payload on when to trigger an A-CSI report which decreases the overall utility of this functionality. 

To reduce the impact on HARQ-ACK transmission, separate HARQ-ACK and A-CSI transmission on two sPUCCHs may be considered. Simultaneous transmission of PUSCH and PUCCH is not supported for phase 1, naturally, the same rule is applicable to FDMed PUCCHs. Then, the only way to realize separate transmission for HARQ-ACK and A-CSI is TDMed sPUCCH allocation. PUCCH resource for HARQ-ACK sPUCCH is still indicated by ARI and slot index is indicated HARQ-ACK timing, while the resource for A-CSI sPUCCH is configured by higher-layer signaling and slot index is indicated by a separate bit field that increases the DCI overhead. In addition, restricting TDMed transmission leads to additional latency in some scenarios, e.g., self-contained CSI reporting and HARQ-ACK feedback is needed for URLLC while the sPUCCH region in slot can only accommodate one sPUCCH. Furthermore, because the starting symbol for sPUCCH is semi-statically configured as one parameter of PUCCH resource, it is impossible to dynamically adjust the starting symbol for A-CSI sPUCCH within the slot to make room for HARQ-ACK sPUCCH with desired timing, as shown in Figure 2. 
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Figure 2 A-CSI latency by TDMed sPUCCH for HARQ-ACK and A-CSI
Finally, if A-CSI triggering by DL assignment without DL-SCH is also to be supported to achieve the same flexibility as A-CSI triggering by UL grant, it is too costly from DCI overhead perspective. Usually, DCI size of DL assignment is larger than UL grant, e.g., up to 2 CWs are supported by DL while only 1 CW is for UL. Besides, dynamic sPUCCH resource allocation by DL assignment without DL-SCH is not feasible, because the resource allocation type as well as the bandwidth part for DL resource allocation is different from UL, which is difficult to re-interpret the resource allocation bits in DL assignment for UL resource indication. 
In summary, if A-CSI transmission on sPUCCH is triggered by DL assignment, it incurs inevitable UCI payload ambiguity errors and compromises the reliability of HARQ-ACK, if A-CSI and HARQ-ACK is transmitted in the same sPUCCH. It also suffers undesirable latency and increased DCI payload due to additional A-CSI reporting timing indication, if A-CSI and HARQ-ACK is transmitted by TDMed sPUCCHs. And for both single sPUCCH or separate sPUCCHs mechanism, new bit fields for A-CSI request need to be added in DL assignment while there is no additional cost for UL grant as A-CSI on sPUCCH or PUSCH can share the same A-CSI request bit field. 
Observation 2: Using CSI request field in DL assignment to trigger a CSI report on sPUCCH either compromises the HARQ-ACK reliability or suffers additional latency and requires increasing DCI payload due to separate timing indication for HARQ-ACK and A-CSI as well as A-CSI request bit field.   

In summary, this topic requires further study and is not essential for phase 1 NR completion. Use of UL DCI can be pursued in phase 1 and use of DL DCI can be further examined after phase 1.
Proposal: Support CSI request field in UL-DCI to trigger A-CSI report on sPUCCH. Further consider use of DL DCI after phase 1.
3 Conclusions  
This contribution analyzed the impact on UCI transmission and DCI design for all three alternatives for A-CSI reports on sPUCCH. Based on the following observations, it is proposed to support CSI request field in UL-grant to trigger A-CSI report on sPUCCH.
Observation 1: Using CSI request field in UL-grant to trigger A-CSI report on sPUCCH has no impact on HARQ-ACK, and marginal/no impact on UL DCI. 

Observation 2: Using CSI request field in DL assignment to trigger a CSI report on sPUCCH either compromises the HARQ-ACK reliability or suffers additional latency and requires increasing DCI payload due to separate timing indication for HARQ-ACK and A-CSI as well as A-CSI request bit field.   

Proposal: Support CSI request field in UL-DCI to trigger A-CSI report on sPUCCH. Further consider use of DL DCI after phase 1.
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