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Introduction
A group-common PDCCH carrying at least slot format related information (SFI) shall be specified in NR Release 15. The structure of this channel has been discussed in past RAN1 meetings, where the main issue has been whether to re-use the NR-PDCCH structure or to specify a streamlined channel dedicated to SFI delivery. Following a RAN1 email discussion on group common PDCCH, which was documented in [1], some basic details that work for both these options were agreed at the RAN1 #NR_AH2 meeting,
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.

This contribution provides further analysis of the two possible channel structures based only on SFI functionality.
Discussion
The motivation and envisioned functionality of the “group-common PDCCH” has evolved over the past few RAN1 meetings. The initial agreement at the first NR ad-hoc meeting [2] was for a channel providing at least SFI that enabled a UE to derive which symbols in a slot where DL, UL or ‘Other’. The designation of ‘Other’ has now been defined as ‘Unknown’. It was also agreed that information in the group-common PDCCH could help a UE reduce the number of blind decodes. It should be noted that the SFI provides symbol-level granularity compared to the subframe-level granularity offered by dynamic re-configuration of LTE TDD UL-DL configuration using DCI Format 1C. 

Although additional information fields have been proposed for inclusion in the group-common PDCCH, in this contribution we focus on SFI functionality to determine the channel structure. Based on the agreements described above, mapping of encoded symbols to physical resources follows the configured parameters of the CORESET where the group common PDCCH is transmitted. Therefore, the main difference between group common PDCCH and the regular PDCCH could be in the bit level processing and specifically, the channel coding scheme.   

As discussed in [3] a range of 3 – 6 bits should be sufficient to signal SFI of a given slot and serving cell. Naturally, it is reasonable to ask the question: for a small SFI payload size is it really worth re-using the NR-PDCCH structure or designing a more efficient channel? For example, for a payload of 10 bits the (32, 11) Reed-Muller code can be employed with repetition to map coded symbols to the REs constituting the assigned number of CCEs. Assuming 25% DMRS overhead, the effective coding rate after block coding and repetition is 0.09, 0.05 for 1 and 2 NR-CCEs respectively. 
This effective coding rate can be contrasted with the alternative solution of using polar coding. Table 1 shows effective coding rates for a range of SFI payload sizes when a 19-bit CRC is generated, per the RAN1 #NR_AH2 working assumption on polar coding. 


[bookmark: _Ref489879667]Table 1 Coding rates for different SFI payload sizes with 19-bit CRC
	SFI payload size
	Number of NR-CCEs

	
	1
	2
	4
	8

	6
	0.231
	0.116
	0.058
	0.029

	10
	0.269
	0.134
	0.067
	0.034

	12
	0.287
	0.144
	0.072
	0.036

	15
	0.315
	0.157
	0.079
	0.039

	20
	0.361
	0.181
	0.090
	0.045




Some observations between polar coding and RM coding are as follows: 

· In general larger aggregation levels are required for polar coding, due to the attached CRC, in order to approach the same effective coding rates offered by block coding. This is more significant for the small payload sizes. However, the CRC protection also provides more reliability in error detection, which is beneficial since SFI detection error may lead to other system issues such as DL-UL interference. Note that the exact CRC size for 12-22 bits is still under discussion and may be less than 19 bits shown in Table 1.
· Larger payload sizes are likely for signaling the SFI for multiple slots in a given serving cell, and/or for cross scheduling SFI for other serving cells when CA is configured. It is also beneficial to reserve some bits or entries in a table as described in [3] for forward compatibility. Therefore, the total payload size could very well be greater than 11 bits, which is the agreed maximum for RM block coding. 
· Using polar coding also simplifies DL specification and implementation as it unifies bit level processing functions for all types of DL control signaling.

Weighing the pros and cons of either approach our preference is to specify a unified channel structure for all NR DL control signaling including bit-level and symbol-level processing tasks.

Proposal: to support a range of SFI payload sizes now and in future releases the same bit level processing operations used for regular DCI formats, including channel coding, are used for SFI transmitted on the group common PDCCH. 

Based on this proposal SFI can be mapped to a compact DCI format which is addressed by a unique RNTI, e.g. SFI-RNTI. The SFI-RNTI can be used to scramble the CRC generated for the SFI payload. The payload size may or may not be same as other DCI formats. The aggregation level employed for the SFI transmission should target reliable reception even for cell edge users.

Proposal: A unique and compact SFI DCI format is specified targeting reliable reception at cell edge users.

Regarding physical resource mapping, it is preferable that the CORESET configured for transmitting the group-common PDCCH is mapped to the first symbol(s) of a slot. This facilitates prompt decoding so that the SFI may be used to reduce the number of blind decodes in the current slot or determine other UE behavior in the slot. Consequently, the group-common PDCCH could share physical resources with a front-loaded CORESET in which regular NR-PDCCHs are mapped. 

Proposal: the CORESET configured for the group common PDCCH is mapped to the first symbol(s) of a slot.

Conclusion
This contribution discussed two possible channel structures for the group-common PDCCH carrying SFI. Based on the analysis provided herein we have the following proposals, 
· Proposal 1: to support a range of SFI payload sizes now and in future releases the same bit level processing operations used for regular DCI formats, including channel coding, are used for SFI transmitted on the group common PDCCH. 
· Proposal 2: A unique and compact SFI DCI format is specified targeting reliable reception at cell edge users.
· Proposal 3: the CORESET configured for the group common PDCCH is mapped to the first symbol(s) of a slot.
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