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Introduction
In RAN1 NR Ad-Hoc#3 Meeting [1], there were agreements related to the contents of the group-common PDCCH were reached and also agreements that may impact the structure of group-common PDCCH. 
Agreements:
· Regarding dynamic SFI content definition
· The SFI carries an index to a table that is UE-specifically configured via RRC 
· FFS how to manage the table for future proof
· FFS how to define entries in the table
· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
Agreements:
· Confirm the following WA 
· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.
Agreements:
· For semi-static DL/UL assignment 
· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration
· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration

In this document, we discuss the issues related to the content and structure of group-common PDCCH. This document is an update of R1-1716476.
1 Content of group-common PDCCH
Based on the discussion in RAN1 NR Ad-Hoc#2 meeting, it seems the majority view by the companies was to limit the group-common PDCCH to exclusively carry the SFI. Obviously, at the beginning there were diverge views among the companies on what can be transmitted on the GC-PDCCH; however, we believe in order to make progress, we should agree on this principle that the group-common PDCCH only carries the SFI and then try to focus on the SFI content. As the by-product of dedicating the GC-PDCCH for the SFI transmission, the search space design for GC-PDCCH can also be greatly simplified by limiting it to one PDCCH candidate to avoid the overhead of blind decoding. Any other common DL control information can be transmitted using the group-common DCI in PDCCH as shown in Table 1. One example would be preemption indication which was agreed in RAN1 NR Ad-Hoc#2 meeting to be carried on the group-common DCI in PDCCH.
Proposal 1: The group-common PDCCH should be dedicated to carry the SFI.
[bookmark: _Ref490136566]Table 1. Example of contents for GC-PDCCH and PDCCH
	Carried by Group-Common PDCCH
	Carried by Group-Common DCI in PDCCH

	· SFI


	· Paging
· System Information
· Transmit Power Control (TPC) commands
· Group ID: information related to the beam over which a group of UEs are scheduled to receive information
· The starting position of PDSCH in the slot
· The end position of DL Control resource set in the slot
· UL Scheduling Request resource configuration
· Information about restricting UE-specific search space and doing blind decoding over only a subset of the UE-specific search space
· RBG size
· DL preemption indication for the previous slot
· DL Acknowledgment related to the UL data transmissions



With respect to the SFI content, in our view it is important to keep the size of SFI payload relatively small to ensure reliability. Per latest agreements, ‘Empty’ is not indicated explicitly so the SFI will only indicate the information regarding ‘DL’, ‘UL’ and ‘Unknown’ symbols for one or more slots. Moreover, there is a common understanding that it would also be beneficial to consider some reserved bits for future releases. Accordingly, as the next step, we may start working on a table of entries to indicate different combinations of symbol designations. As for the multiple slot indication, the current agreement doesn’t specify whether the SFI for multiple slots could be different when they are included in the same payload. We believe in order to limit the SFI content, the multiple slot indication should be used when multiple slots are using the same format. There is no need to include an aggregate of SFI values for multiple slots in one GC-PDCCH. This can be easily addressed by including the information related to the starting slot and duration over which the SFI is valid. This way the UE may even avoid SFI detection in certain slots during which it doesn’t expect any change.
Proposal 2: The SFI content should be limited to symbol information for one or more slots and some reserved bits for future compatibility.
Proposal 3: The slot format related information in the SFI informs the UEs of the number of slots over which the slot format related information is valid.
Structure of group-common PDCCH 
Based on the latest agreements, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET over which the UE is configured to monitor group-common PDCCH. Since the CORESET for the monitored group-common PDCCH carrying SFI can be the same as the CORESET for the monitored PDCCH for other types of control signalling, it implies that the group-common PDCCH should follow the same REG-to-CCE mapping as the normal PDCCH. The only remaining question would be whether the group-common PDCCH shall use the same channel coding scheme as PDCCH.
In general, there are two options for channel coding for the group-common PDCCH. One approach is to use the same channel coding scheme (i.e., polar coding) as the one agreed for the generic NR-PDCCH which also includes the CRC. The second option would be to adopt a CRC-less channel coding scheme such as the Reed-Muller channel coding scheme. 
The main advantage of the CRC-less scheme is the potential coding gain over its CRC-based counterpart due to the lower coding rate. In this case, any potential coding gain could directly translate into a more robust PDCCH detection rate for a given CCE aggregation level. Based on the working assumptions for NR-PDCCH, the first approach implies that a CRC of 24-bit (21bits for error detection plus 3 bits for polar code) need to be appended to each SFI payload which is roughly five times of a typical SFI payload (e.g. 5 bits SFI). In other words, the coding rate of the SFI with CRC would be roughly six times higher than the coding rate of the CRC-less scheme. On the other hand, the CRC based scheme with 21-bit error detection which is less than 0.0001% miss detection rate (i.e., the probability of misdetection of an SFI erroneous). We should note that the CRC-less scheme cannot provide comparable error detection mechanism.  
In the following we discuss the trade-off between the two schemes from the system perspective. First, we should note that a lower coding rate can alternatively be achieved by using the CCE aggregation (i.e., the higher the CCE aggregation level, the lower the coding rate). However, without any error detection mechanism, the effect of misdetected SFI may result in different interpretation of the ‘UL’, ‘DL’ and ‘Unknown’ symbols by the UE wherein each situation may have a different consequence from the system perspective:
1. If the UE misinterprets a ‘DL’ symbol as an ‘UL’ symbol:
· In case of UL transmission, the UE may use the symbol for UL transmission which could cause interference in the DL transmissions targeting other users. In addition, the gNB fails to detect PUSCH and/or PUCCH transmission(s) by the UE
· In case of DL transmission, the UE fails to detect its allocated PDSCH 
2. If the UE misinterprets a ‘DL’ symbol as an ‘Unknown’ symbol or vice versa:
· The UE fails to detect the allocated PDSCH targeting the UE which consequently need to be retransmitted by the gNB.
3. If the UE misinterprets an ‘UL’ symbol as a ‘DL’ symbol:
· In case of UL transmission, the gNB fails to detect PUSCH and/or PUCCH which consequently need to be retransmitted by the UE
· In case of DL transmission, the UE fails to detect the allocated PDSCH targeting the UE which consequently need to be retransmitted by the gNB.
4. If the UE misinterprets an ‘UL’ symbol as an ‘Unknown’ symbol:
· The gNB fails to detect PUSCH and/or PUCCH which consequently need to be retransmitted by the UE.
5. If the UE misinterprets an ‘Unknown’ symbol as an ‘UL’ symbol:
· In case of UL transmission, the UE may use the symbol for UL transmission which could cause interference for future release UEs. 
Among the above described scenarios, those scenarios which involve uplink transmission by the UE may have the most impact on the system performance due to the interference caused by the UE. However, it should be noted that when the payload is very small, it may still be worthwhile to avoid CRC and lower the coding rate, which result in better error correction performance.
Given that in NR it has been agreed that the SFI may carry the information for multiple slots, to support both cases of small and large payload sizes, it is desirable to have different modes of transmission for group-common PDCCH with different error correction and error detection mechanisms. For example, for large payload size, the CRC-based mode of transmission for group-common PDCCH can be used with polar codes as forward error correction. Similarly, for small payload size, the CRC-less mode of transmission for group-common PDCCH can be used with the Reed-Muller codes as forward error correction. It should be noted that the Reed-Muller code can be designed such that it provides some error detection capability while not comparable to the CRC-based solution.
The mode of transmission of group-common PDCCH carrying SFI can be explicitly indicated in the CORESET configuration or implicitly derived by the UE from other parameters. In the case of explicit indication, the enconding scheme (e.g., Polar code or Reed-Muller) could be explicitly included in the CORESET configuration. In the case of implicit indication, the UE may deduct the mode of transmission from the SFI payload size or the monitoring rate of the group-common PDCCH carrying SFI.
Proposal 4: NR supports configurable mode of transmission for group common w/o CRC. 

Conclusion
This contribution discussed the remaining design aspects related to the content and structure of group-common PDCCH. It was concluded that:
Proposal 1: The group-common PDCCH should be dedicated to carry the SFI.
Proposal 2: The SFI content should be limited to symbol information for one or more slots and some reserved bits for future compatibility.
Proposal 3: The slot format related information in the SFI informs the UEs of the number of slots over which the slot format related information is valid.
Proposal 4: NR supports configurable mode of transmission for group common PDCCH w/o CRC. 
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