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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. This is also one of the topics being discussed in a RAN1 email discussion [1] following RAN1 meeting #89. In this contribution we provide some analysis of both approaches and make a recommendation for NR.
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’ was later categorized into ‘Unknown’ and ‘Empty’, where the latter is FFS. 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 much finer symbol-level granularity compared to the subframe-level granularity offered by dynamic re-configuration of LTE TDD UL-DL configuration using DCI Format 1C. 

Additional information fields have been proposed for inclusion in the group-common PDCCH including, but not limited to, SR resource indication, CSI-RS configuration, beam related information, PDSCH starting symbol and group UL HARQ-ACK. It can be observed from this list that many, if not all, of these fields target efficient signaling of DCI that is common to a group of UEs (c.f. LTE group power control commands in DCI formats 3/3A). This is due in large part to the naming of this channel as group-common. It should also be noted that the intended functionality for some of these fields requires monitoring occasions that could differ in periodicity compared to the SFI. 

Proposal 1: a group-common PDCCH carrying slot format related information (SFI) should be distinguished from DL control channels carrying other types of group-common DCI.

Based on this proposal we consider a baseline design of the group-common PDCCH conveying SFI and implicit/explicit indication of number of blind decodes per the RAN1 #NR_AH1 agreement. A more extensive treatment of group-common PDCCHs including other common information fields is presented in [3]. 

Some design principles that may be followed include

· Physical resource mapping: for a group-common PDCCH indicating SFI applicable to the same slot in which this channel is transmitted, it is preferable that the group-common PDCCH is mapped to the first symbol(s) of the 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. Thus, the group-common PDCCH could share physical resources with a front-loaded CORESET in which NR-PDCCHs are mapped. To avoid fragmentation the group-common PDCCH should be mapped to an integer number of NR-CCEs. 
· A front-loaded CORESET in a slot should have sufficient capacity to transmit at least an NR-PDCCH candidate in the common search space. 

Proposal 2: the group-common PDCCH carrying SFI is mapped to physical resources equivalent to an integer number of NR-CCEs.

A consequence of Proposal 1 is that the group-common PDCCH limits the NR-PDCCH capacity. Equivalently, the required CORESET duration for scheduling at least one CSS candidate restricts the payload size of the group-common PDCCH carrying SFI.

As an example, consider the minimum NR carrier bandwidth of 5MHz. For a CORESET duration of 2 OFDM symbols, 15 KHz subcarrier spacing and NR-CCE size of 6 REGs, the NR-PDCCH capacity is FLOOR (25 * 2 / 6) = 8 NR-CCEs. This would support transmission of candidate using aggregation level 8 (AL8), but it would not leave room for also transmitting the group-common PDCCH in the first two symbols of the slot. Increasing the CORESET duration to 3 OFDM symbols, provides an additional 4 NR-CCEs. Therefore, we can transmit an AL8 candidate and GC-PDCCH mapped to physical resources equivalent to 4 NR-CCEs. Alternatively, the group-common PDCCH could be transmitted on 8 NR-CCEs leaving room for an AL4 candidate in a common search space. 

To further study the reliability of the group-common PDCCH we use LTE DCI format 1C as a starting point. The DCI 1C payload size without CRC is 12/15 for carrier BW of 5/20 MHz respectively. Using the smaller payload size of 12 bits, and with a length-16 CRC, the coding rate is ~0.1 for AL4 and ~0.05 for AL8.

For polar coding it is not yet decided whether CRC shall be employed for polar coding for small control information block lengths between 12 and 22 bits. Table 1 shows the coding rate for the group-common PDCCH for a range of payload sizes, with and without length-16 CRC and different number of NR-CCEs for the group-common PDCCH. It can be seen that for target coding rates of 0.05 and 0.1 similarly to DCI Format 1C, suitable payload sizes range from 6 – 10 bits.

Table 1 Coding rates for group-common PDCCH with CRC or without CRC (in parentheses)
	Payload size without CRC
	Number of NR-CCEs

	
	1
	2
	4
	8

	6
	0.204 (0.056)
	0.102 (0.028)
	0.051 (0.014)
	0.025 (0.007)

	10
	0.241 (0.093)
	0.120 (0.046)
	0.060 (0.023)
	0.030 (0.012)

	12
	0.259 (0.111)
	0.130 (0.056)
	0.065 (0.028)
	0.032 (0.014)

	15
	0.287 (0.139)
	0.144 (0.069)
	0.072 (0.035)
	0.036 (0.017)




A pertinent question is, if only the SFI is transmitted in a group-common PDCCH is it really worth re-using the NR-PDCCH structure?  For example, for a payload of 10 bits, the (32, 11) Reed-Muller code can be employed with repetition to match coded bits to the assigned number of NR-CCEs. For the same DMRS overhead, the effective coding rate after block coding and repetition is 0.09, 0.05 for 1 and 2 NR-CCEs respectively. Thus a different channel may reduce the footprint of the group-common PDCCH. 

However, there are other factors to consider: 

· The channel design should take into account forward compatibility by provisioning for reserved bits which may be required to support a new feature in a future release. The NR-PDCCH offers the flexibility to adjust the number of NR-CCEs or AL to match the payload size to a target coding rate.
· If cross-scheduling of SFI in a different serving cell is supported, the total number of bits could very well be greater than 11 bits, which is the agreed maximum for RM block coding. Hence, if polar coding is used, bit processing functions may be unified for all types of DL control signaling.
· Apart from the bit-level processing (possible CRC attachment, encoding and rate matching), other symbol level processing may be the same for group-common PDCCH and other common and UE-specific DCI formats if mapped to an integer number of NR-CCEs. In addition, specification and implementation would benefit from using the same DMRS sequence, pattern and mapping scheme. Essentially, the group-common PDCCH can be viewed as another DCI format as proposed in [3].

Other configuration details are described in a related contribution [4].

Proposal 3: A unique and compact SFI DCI format is specified for group-common control information targeting reliable reception at cell edge users. The SFI DCI format employs the same bit processing functionality as other DCI formats transmitted on the NR-PDCCH.

Conclusion
This contribution discussed two possible channel structures for the group-common PDCCH carrying at least SFI. Based on the analysis provided herein we have the following observation and set of proposals, 
Proposal 1: A group-common PDCCH carrying slot format related information (SFI) should be distinguished from control channels carrying other types of group-common DCI.
Proposal 2: The group-common PDCCH carrying SFI is mapped to physical resources equivalent to an integer number of NR-CCEs.
Proposal 3: A unique and compact SFI DCI format is specified for group-common control information targeting reliable reception at cell edge users. The SFI DCI format employs the same bit processing functionality as other DCI formats transmitted on the NR-PDCCH.
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