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Introduction
Related to the contents of group common PDCCH (GC PDCCH), the following agreements were made for ‘slot format related information’ (SFI). It was agreed that GC PDCCH shall share the same resource mapping method as the regular PDCCH. The remaining open issue for GC PDCCH is the encoding scheme. This contribution discusses the encoding scheme for GC PDCCH carrying the SFI.
RAN1 NR AdHoc#1
Agreements:
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
RAN1#89
Agreements:
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
Agreements:
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
· UE shall not assume anything for the symbol with ‘Unknown’ by this information
· FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
· UEs can use this resource for interference measurement
· UE may assume there is no transmission
RAN1 NR AdHoc#2
Agreements:
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
Agreements:
· UE is configured with a CORESET to monitor group-common PDCCH.
· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.
· A group-common PDCCH is formed by an integer number of CCEs.
· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.
Agreements:
· Prioritize discussion of SFI functionality of a group-common PDCCH.
· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.

Encoding of Group Common PDCCH
One immediate option for GC PDCCH encoding is the reuse of regular DL control channel (PDCCH). However, it should be noted that the coding efficiency will be dependent on the size of the payload for GC PDCCH. This aspect is already captured in the agreement during RAN1#88bis below. 
RAN1#88bis
Agreement: 
· K=1 (if channel coding is applied):
· Repetition code
· K=2 (if channel coding is applied):
· Simplex code
· 3<=K<=11:
· LTE RM code
· Note that if NR requires a codeword size N that is not supported by the LTE RM code, then the LTE RM code will be extended by repetition as in LTE
· 12<=K:
· Polar code (single design for all control information sizes, except for possible omission of CRC bits for payloads <= ~22 bits)
It is beneficial to have smaller payload as much as possible to minimize the overhead of this channel. Therefore, it is necessary to first understand the contents of GC PDCCH. GC PDCCH contents and how to carry the SFI is discussed in detail in [1]. As per discussion in [1], there can be different payload size for GC PDCCH depending on deployment scenario. Also depending on the use of single slot SFI and multi-slot SFI, the payload size may differ as well. Practically speaking, the payload size of SFI may be at least 3 or more bits. In other words, we may need at least more than 4 SFI’s for a given slot. Therefore, we consider two options for GC PDCCH encoding based on the agreement on channel coding scheme for control channel.
· Option 1: RM without CRC (3<=K<=11)
· Option 2: Polar with CRC (12<=K)
The coding performance is compared in Figure 1 between Option 1 and Option 2. As expected, the larger the payload is, the more resources (higher AL) are required to achieve a certain error target performance. The other aspect of the GC PDCCH performance is the false alarm. The option 1 by nature does not have a FA protection from CRC but RM code itself can provide a certain FA performance (~ 5 bit CRC) depending on the implementation. FA performance of RM will still be worse than 16 bit CRC. Therefore, depending on the need for FA target, different conclusion can be made. For example, if GC PDCCH is transmitted as per the configuration of GC PDCCH CORESET, FA performance may not matter. If GC PDCCH FA does not cause any critically detrimental effect, FA target can be loosened. On the other hand, if GC PDCCH FA target is critical on the operation, Option 2 may be desirable.
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Figure 1: Coding performance comparison between Option 1 and Option 2

Given GC PDCCH is intended to be delivered to the cell edge UEs without the aid of beamforming, the smaller payload will require less overhead for efficient NW utilization of GC PDCCH. On the other hand, if NW intends to transmit GC PDCCH with multi-slot SFI, the required number of payload may be larger than 11 bits.
Considering the trade-off between the payload size and overhead, the use of single slot SFI and multi-slot SFI, the payload size dependence on the deployment scenario, different FA target need for GC PDCCH, it is proposed to allow both options for GC PDCCH encoding scheme. NW can configure appropriate encoding scheme based on the need.
Proposal: The encoding scheme for GC PDCCH is configurable between RM without CRC and Polar with CRC. 
Conclusions
This contribution has discussed the encoding scheme for GC PDCCH carrying the SFI. The following proposal has been made:
Proposal: The encoding scheme for GC PDCCH is configurable between RM without CRC and Polar with CRC. 
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Appendix
Table 1:Simulation assumptions
	Parameter
	Value

	Channel profile
	TDL-C 300ns / AWGN

	Number of BTS antennas
	1

	Number of UE antennas
	1

	beamforming scheme
	no beamforming

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	1

	RS density
	1/3

	subcarrier spacing
	30KHz

	Channel Estimation
	Genie

	Search Space
	Distributed 

	Diversity scheme
	None



Table 2: Coding schemes under comparison
	Coding scheme
	Details

	LTE Reed-Muller
	K=3,7,11; no CRC; Generator matrix is based on N=32; rate matched to AL1,2,4,8; ML decoder

	 CA-Polar
	K=20; CRC=16bit; List size = 8; Construction: block puncture from the top with MI-DE based sequence.
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