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1. Introduction
In this contribution, we discuss about DCI formats, particularly, how to align DCI sizes when multiple features such as multi-slot scheduling, dynamic switching of active bandwidth part, dynamic transmission mode changes are adopted. Also, we discuss aperiodic CSI triggering alternatives and remaining details.  
2. Supporting different DCI sizes
2.1. DCI sizes with different BWP
As agreed, at least CORESET for group common PDCCH, UE-specific scheduling, RACH procedures, etc. would be configured per each configured BWP. Depending on UE capability and the network operation, it is possible that a UE can be configured with only one BWP or multiple BWPs. Thus, DCI design should consider both cases. 
There are at least the following CORESETs configured to a UE. 
(1) RMSI CORESET: this can be shared with other OSI, RAR/Msg4 and UE-specific scheduling
(2) RAR/Msg4 CORESET
(3) UE-specifically configured CORESET
(4) CORESET for CSS configured separately for each configured BWP (e.g., for group common DCI)
As different DCI size potentially leads increased blind decoding of control channels, to determine DCI sizes we need to clarify at least the following aspects:
· Which features are assumed to be enabled in the monitored DCI in a combination of {CORESET, a search space type, RNTI}
· What is the resource allocation type for both time/frequency domain, and bandwidth for frequency domain, maximum duration/slots for time domain
We propose the followings on each CORESET/SS type and RNTI. 
	CORESET, SS type, RNTI
	DCI formats
	Main features
	Frequency BW
	Time domain RA

	RMSI CORESET, CSS, {SI-RNTI, RAR-RNTI, Temp-C-RNTI, C-RNTI}
	Same as fallback DCI
	Same as fallback DCI
	Initial DL/UL BWP
	Following predefined table

	RMSI CORESET, USS, {C-RNTI}
	Same as fallback DCI
	Same as fallback DCI
	Initial DL/UL BWP
	Following predefined table

	RAR CORESET, CSS, {RAR-RNTI, Temp-C-RNTI, C-RNTI}
	Same as fallback DCI
	Same as fallback DCI
	Initial DL/UL BWP
	Following predefined table

	UE-specific CORESET, CSS, {C-RNTI}
	Same as fallback DCI
	Same as fallback DCI
	Configured BW, which can be different from UE-specific BWP’s BW
	Following predefined table

	UE-specific CORESET, USS, {C-RNTI}
	TM-DCI-format, fallback DCI
	Configured features, fallback DCI features
	Configured BWP’s BW
	Following configured table



Proposal 1: DCI format scheduling RMSI, OSI, RAR and Msg4 is same as DCI format for fallback DCI. 
Proposal 2: A UE assumes frequency domain bandwidth scheduable by a DCI in CSS of RMSI CORESET is defined by initial DL and UL BWP. 
 
To handle various DCI format(s) with various features configured to a UE, mechanisms to reduce the number of DCI size at a given time should be considered. 
Generally, we can consider the followings. 
· Approach 1: Configure maximum DCI size which can cover the necessary DCI formats with potentially DCI format. Depending on DCI format, a UE interprets the DCI contents differently. Based on the agreements, we can define two DCI sizes: one for fallback and the other for UE-specific scheduling DCI. Using this approach, DL/UL scheduling DCI sizes are aligned by necessary padding, and the maximum DCI size is determined based on configuration of various features. 
· Approach 2: Group DCI formats to similar DCI sizes and configure each CORESET with one or more of the grouped DCI formats. For example, one compact DCI for group common DCI/PDCCH, another DCI for fallback for DL/UL and broadcast, third for UE-specific PDSCH scheduling (TM version) and the last for UE-specific PUSCH (TM version) can be considered where each CORESET can be configured with different set of DCI formats. Instead of configuration of different set per CORESET, separate search space can be also considered. 
· Approach 3: A {CORESET, a SS type} can be configured with one or two DCI sizes where each DCI size can be also configured with DCI format(s) where the configured DCI format(s) uses the configured/same DCI size by necessary padding. 
· Approach 4: Separate transmission of DCI format with DCI payload where DCI format can indicate the necessary DCI size. 
We see potential drawbacks and benefits of each approach as follows. 
	
	Benefits
	Drawbacks

	Approach 1: Utilize maximum DCI size commonly
	A UE needs to support only a few DCI sizes regardless of various configurations in terms of CORESETs and features.
	In case the discrepancy between the maximum sized DCI format and the smaller DCI formats, padding overhead can be increased. 

	Approach 2: Utilize multiple DCI sizes with grouping of DCI formats
	Padding overhead can be reduced. 
	It may impose scheduling constraints where some DCI format(s) may not be schedulable in all CORESETs or some partitioning of search space or CORESET among different DCI formats is necessary.

	Approach 3: Network configuration between DCI size and DCI format(s)
	Based on the configuration, it can achieve benefits of Approach 1 and 2.
	Handling of fallback and broadcast is necessary which needs to work without configuration. For that, at least one DCI size for fallback and broadcast channels seems necessary.

	Approach 4: Separate DCI formation indication
	Padding overhead can be reduced.
	It is complicated to design separate coding between DCI fields, and also, search space and DCI mapping.



Based on the above observations, we propose to adopt Approach 3 as follows..
Proposal 3: To minimize the number of DCI sizes that a UE needs to monitor at a time. 
· Network can configure one or two DCI sizes per {CORESET, SS type}.
· For each size, one or more DCI format(s) can be associated. For the DCI format(s) associated with the same DCI size uses padding to align the DCI size. 
· For each DCI size, additional field is used to differentiate among DCI format(s) sharing the same size (if there are multiple). 
· DCI size for fallback and broadcast channels is predefined, or can be computed without UE-RRC signaling. 
· For a CORESET where the UE monitors fallback DCI and/or broadcast channels, one of the configured DCI size is the same as DCI size for fallback and broadcast channels.

3. Details on Aperiodic CSI trigger on PUCCH
In NR AH#3, it was agreed to support aperiodic CSI via PUCCH as well in addition to A-CSI via PUSCH. The main benefits of A-CSI on PUCCH were discussed that it provides for example faster and shorter transmission by utilizing short PUCCH design compared to PUSCH. In email discussion [90b-NR-15], benefits and drawbacks of each alternative were discussed on the agreed alternatives as the followings. 
· 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
As discussed in our companion contribution [1], our view on A-CSI can be summarized as the followings.
· CSI is supported on short PUCCH only
· CSI on PUCCH is a complementary and optional feature in addition to A-CSI on PUSCH. 
· CSI on PUCCH is triggered by utilizing existing DCI format/fields and by minimizing specification impacts. 

Based on the above proposals, we discuss a bit further on different alternatives. Since one of the key motivation of A-CSI on PUCCH is to transmit CSI faster compared to A-CSI on PUSCH, supporting A-CSI on long PUCCH seems contradicting on the motivation. In this sense, as we proposed, A-CSI on PUCCH is supported only via short PUCCH. In that case, depending on UE geometry or needed coverage, it’s possible that A-CSI on PUCCH cannot be triggered even though A-CSI on PUCCH is configured. If we consider such aspects, having a separate field in DL DCI for triggering A-CSI on PUCCH seems wasteful. Furthermore, it is not easily imaginable that A-CSI on PUCCH and A-CSI on PUSCH will be triggered simultaneously. It is more desirable that either one is triggered depending on the necessity. In this sense, from our perspective, combining A-CSI trigger in one DCI seems reasonable regardless whether it’s transmitted via PUCCH or PUSCH. 
Thus, our proposal is to adopt Alt 2. More specifically, A-CSI trigger in UL-grant is reused for A-CSI on PUCCH triggering. 
Proposal 4: Adopt Alt 2 where A-CSI on short PUCCH is triggered via A-CSI trigger field in UL grant. 
When A-CSI on PUCCH is triggered in UL-grant, how to determine PUCCH resources in time-domain should be further clarified, particularly when UL resources are dynamically changed or PUSCH resources are dynamically changed. In UL-grant, time-domain resource allocation of PUSCH transmission can be done dynamically or based on semi-static configuration. To determine the time domain information for PUCCH and PUSCH scheduled by one UL grant, we can consider the following options
· Option 1: A-CSI on PUCCH is transmitted ‘right before’ at the scheduled PUSCH. For example, if PUSCH is scheduled between OFDM symbols 5-11, A-CSI on PUCCH is scheduled at OFDM symbol 4 (if 1 symbol PUCCH is configured). 
· Option 2: A-CSI on PUCCH is transmitted at the indicated starting OFDM symbol for PUSCH. PUSCH transmission starts after A-CSI on PUCCH transmission is completed. For example, if PUSCH is scheduled between OFDM symbols 5-11, A-CSI on PUCCH is scheduled at OFDM symbol 5 (if 1 symbol PUCCH is configured).
· Option 3: A-CSI on PUCCH time-domain information is also configured in Report configuration within a slot, and that information is used for PUCCH transmission. It is assumed that PUSCH transmission will not be occurred in the same OFDM symbol where PUCCH is transmitted. This can be realized by dynamic scheduling or PUSCH is rate matched on the OFDM symbols where PUCCH is transmitted. 
It’s still FFS whether short PUCCH can be located in any OFDM symbol when slot-level scheduling is used. In this sense, some of options may not be available pending on that FFS. Nonetheless, Option 3 can work where time-domain resource can be semi-statically configured. To minimize latency of A-CSI on PUCCH transmission, Option 1 can be considered assuming A-CSI processing time is not greater than processing time to transmit PUSCH. If A-CSI processing time is greater than PUSCH, it can be considered to transmit A-CSI on PUCCH after PUSCH. However, it’s a bit contradicting the benefits of A-CSI on PUCCH. Considering the motivations of A-CSI on PUCCH, it seems necessary the followings are supported.
· Short PUCCH for A-CSI can be transmitted at any OFDM symbol
· PUSCH scheduled by UL grant along with A-CSI on PUCCH can be transmitted before or after A-CSI on PUCCH transmission. 
Proposal 5: In UL-grant carries trigger on A-CSI on PUCCH, time-domain information on short PUCCH is determined by report configuration semi-statically or determined based on the location of scheduled PUSCH. 
Proposal 6: A-CSI on PUCCH is supported only when short PUCCH can be transmitted in other OFDM symbols than last two symbols in a slot even with slot-level scheduling.

4. Conclusion

In this contribution, we discussed possible DCI fields for different types of scheduling or DCI formats and A-CSI on PUCCH design, and proposed the followings. 
[bookmark: _GoBack]Proposal 1: DCI format scheduling RMSI, OSI, RAR and Msg4 is same as DCI format for fallback DCI. 
Proposal 2: A UE assumes frequency domain bandwidth scheduable by a DCI in CSS of RMSI CORESET is defined by initial DL and UL BWP. 
Proposal 3: To minimize the number of DCI sizes that a UE needs to monitor at a time. 
· Network can configure one or two DCI sizes per {CORESET, SS type}.
· For each size, one or more DCI format(s) can be associated. For the DCI format(s) associated with the same DCI size uses padding to align the DCI size. 
· For each DCI size, additional field is used to differentiate among DCI format(s) sharing the same size (if there are multiple). 
· DCI size for fallback and broadcast channels is predefined, or can be computed without UE-RRC signaling. 
· For a CORESET where the UE monitors fallback DCI and/or broadcast channels, one of the configured DCI size is the same as DCI size for fallback and broadcast channels.
Proposal 4: Adopt Alt 2 where A-CSI on short PUCCH is triggered via A-CSI trigger field in UL grant. 
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