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1 Introduction

During RAN1 1st ad-hoc meeting on NR, the introduction of group-common PDCCH (G-C PDCCH) was agreed [1]:

· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 

· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.

· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not

· Common does not necessarily imply common per cell.

· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings

· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings

· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot

· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not

· ‘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

· FFS: ‘Control resource set duration’

· FFS: Indicates the duration of the control resource set(s) 

· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

At the RAN1 #89 meeting, the following additional agreements were made, mostly focusing on further details of SFI [2]:

· 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
· 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
Further, RAN1 made the following agreements during RAN1 NR AH#2 meeting [6]:

· 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’.

· 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.

· 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.
Following the above agreements, this contribution focuses on the physical structure of G-C PDCCH carrying SFI and discusses the potential options.  Views on the contents of G-C PDCCH carrying SFI and related UE behavior are presented in our companion papers [3] and [4] respectively.
2 Key characteristics of group-common PDCCH
First, we take a look at the key characteristics expected from G-C PDCCH carrying SFI considering the agreements in RAN1 so far.

As quoted in Section 1, the G-C PDCCH is to convey the SFI to the UE. It is reasonable to expect that the SFI corresponds to that for the current slot, i.e., the slot in which the G-C PDCCH is transmitted. Accordingly, the following key characteristics can be sought as desirable:
· Facilitates very fast decoding

· Preferably avoid any need for blind decoding

· Should be possible to easily multiplex with NR PDCCH

· Low system overhead

Considering the lack of clarity in other pieces of information that may be carried by the G-C PDCCH, a reasonable conclusion from the above list of key characteristics indicate that the channel should not be over-designed only for the sake of potential uses in future. For anything that may need beyond the few spare bits that may be specified for G-C PDCCH in Rel-15, regular PDCCH in CSS can always be used. 

Observation 1:
· The physical channel design for group-common PDCCH carrying SFI should facilitate fast and low complexity decoding, have low system overhead, and can be easily multiplexed with NR PDCCH.
2.1 Group-common PDCCH and PDCCH in CSS

During the past RAN1 discussions, it was observed that the term “Group-common PDCCH” was sometimes used to refer to a DCI carried by PDCCH transmitted in a common search space (CSS). 
First, it is worth clarifying that a CSS need not necessary imply that all UEs in the cell need to monitor for PDCCH in that SS, and can rather still be UE-group-specific. 
There can certainly be several parameters/control information that may be signaled in a UE-group-specific manner, e.g., group-TPC, group-ACK/NACK, preemption indication in terms of physical resources, etc. However, most such parameters belong to the “group-common” type only in terms of having a group of UEs as the intended destinations, but not necessarily the key characteristics associated with the G-C PDCCH that carries the SFI. 
Accordingly, in our view, the G-C PDCCH should be defined to carry the SFI and defined appropriately to satisfy the key characteristics identified above. DCI formats serving other functionalities, targeting a group of UEs in the cell, should be defined to be transmitted in appropriate NR PDCCH CSS, independent from the G-C PDCCH.

Proposal 1:
· Group-common PDCCH carrying SFI is a separate physical channel that is identified separately from other uses cases of group common DCI formats that may be transmitted in NR PDCCH CSS to a group of UEs or all UEs in a cell.
3 Channel structure for group-common PDCCH
Considering that the number of bits is not as large as normal NR PDCCH, it may not be desirable to utilize the normal PDCCH channel format. Instead, LTE PCFICH-like scheme is a good alternative solution. However, if the larger number of reserved bits has to be considered, we can also consider normal PDCCH format for common PDCCH. As shown in Figure 2, the group common PDCCH utilizes multiple REGs spread over the whole frequency region of the configured control resource set for frequency diversity. Distributing the REGs over frequency in units of REG bundles (2 or 3 consecutive REGs in frequency) can be beneficial for multiplexing with NR PDCCH.
A CRC-less LTE PCFICH-like structure, with linear block code based channel encoding, e.g., Reed Muller code, with a limited number of bits may be desirable for G-C PDCCH to facilitate quick decoding so as to maximize the benefits from knowledge of the slot format. 
For example, assuming a payload size of 8 bits, encoded at a low code rate of 1/16, 128 encoded bits are generated. These bits can be transmitted using QPSK modulation in 4 REG-bundles assuming each REG-bundle as a set of two consecutive REGs in frequency domain (and 8 REs available after rate-matching around DM-RS within an REG). 
For easier multiplexing with NR PDCCH, it has already been agreed that the G-C PDCCH is transmitted using a multiple of CCEs (= 6 REGs) and that the UE is configured with a CORESET to monitor for/receive G-C PDCCH. Given the non-UE-specific nature of the G-C PDCCH, it is natural that the CORESET configured for G-C PDCCH is of common CORESET type.

Proposal 2:
· UE is configured with a common CORESET for monitoring and reception of group-common PDCCH carrying SFI.
Accordingly, compared to the above example, few additional bits, e.g., up to 12 bits payload may be carried in the G-C PDCCH using 12 REGs. The resource reservation for G-C PDCCH in slots configured to carry G-C PDCCH and multiplexing with NR PDCCH can be efficiently realized as the G-C PDCCH resources simply correspond to an equivalent of an NR PDCCH with AL = 2.
It has also been agreed that 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 signaling. Here, it should be clarified that sharing the same CORESET for other types of control signaling needs not to imply that the UE needs to perform blind decoding for G-C PDCCH. Specifically, the resources corresponding to the CCE(s) and ALs in the CORESET for G-C PDCCH can be configured as part of the G-C PDCCH monitoring configuration and any other PDCCH is mapped on to the remaining available CCEs based on rate-matching.
Observation 2:
· It is not necessary that the UE needs to perform blind decoding for the G-C PDCCH if the corresponding CORESET is same as the CORESET for monitoring of PDCCH for other types of control signaling.
Thus, the main features of the above design option, loosely based on the LTE PCFICH, can be summarized as:

· Most suitable for smaller payload

· Facilitates easy and fast decoding 

· CRC-less, encoded with a linear block code, e.g., Reed Muller with low code rate
· Resources that are at least integer multiples of REG bundles or multiples of NR CCE size for easy multiplexing with NR PDCCH

· Lower system overhead compared to a CRC-based DCI carried by NR PDCCH

· Flexibility at the gNB side regarding not transmitting G-C PDCCH in each slot

Compared to the above option, for a G-C PDCCH design using a NR PDCCH-based physical channel structure, the following observations can be made:
· In such a case, group-common PDCCH just amounts to compact DCI design and common search space configuration to monitor for this DCI

· Flexibility to accommodate larger payload
· Flexibility in not transmitting irrespective of UE monitoring periodicity configuration

· Most likely require some number of blind decoding attempts to realize the benefits from the flexibility of NR PDCCH-based structure
· Increased system overhead due to larger ALs expected to carry the DCI conveying G-C PDCCH

Comparing the above two lists, two further observations can be made regarding the apparent benefits from G-C PDCCH based on NR PDCCH structure:

· The benefit from flexibility to accommodate a larger payload lies primarily in being able to handle signaling requirements in the future. 
· However, the exact same benefit can anyway be realized in either case since the NR PDCCH-based channel structure just implies designing a DCI that may be monitored in a (group-)common search space. 

· The benefit from the flexibility at the gNB side of not transmitting G-C PDCCH even in slots that the UE is configured to monitor for G-C PDCCH
· This benefit in terms of resource utilization/control overhead is practically not impactful for the case of the first alternative (different channel structure from NR-PDCCH). That is to say that the overhead impact can be quite negligible in case of the first alternative due to the use of much less resources for a single transmission compared to a NR PDCCH-based structure. 
Considering the above comparison in light of the key desirable characteristics of G-C PDCCH described in Section 2, it can be seen that the first option is much more appropriate for the design of G-C PDCCH. Thus, we make the following proposal.
Proposal 3:

· The physical channel structure for group-common PDCCH carrying SFI employs the following components:
· It is CRC-less with Reed Muller encoded information bits.
· In slots that are configured for transmission of group-common PDCCH, the resources used for group-common PDCCH are reserved and NR PDCCH/PDSCH are rate-matched around these REG-bundles.
4 Shared DM-RS associated with group-common PDCCH
Since always-on RS like LTE CRS is not considered in NR, DMRS should be designed such that channel estimation performance is sufficient for reliable reception of group common PDCCH by multiple UEs. If the channel estimation is performed by UE-specific manner, the UE can only use the DMRS REs inside the corresponding REG. This may not provide a good channel estimation performance.
Therefore, shared DMRS concept should be utilized for group common PDCCH as it was already agreed [4]. Although shared DMRS was agreed to be supported in NR, the UE behavior is currently FFS whether DMRS sharing is transparent to UE or not. As discussed in the previous paragraph, transparent UE behavior may not be proper for the group common PDCCH. It is desirable to define a region that the shared DMRS is transmitted, i.e., the DMRS in that region would show same antenna ports and same precoding. In Figure 2, REGs which are next to the REGs of group common PDCCH use the same antenna ports and same precoding for the DMRS transmissions. In this case, UE can utilize the DMRS not only in REGs of group common PDCCH but also in neighboring REGs for estimating channel and decoding of group common PDCCH.

However, it does not necessarily mean that the shared DMRS is transmitted every slot since group common PDCCH may not be transmitted every slot. And since there are other common channels transmitted in the same control resource sets, the REGs where shared DMRS is transmitted while the group common PDCCH is not mapped to can be used for the transmission of other PDCCHs, e.g., PDCCH for system information, paging. If there is no other common PDCCH to be transmitted in the same slot, it is also possible to transmit UE-specific PDCCH using shared DMRS.
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Figure 2. Group common PDCCH structure

Proposal 4:
· Configuration and transmission of shared DM-RS at least within the REGs of the CORESET containing the group-common PDCCH should be supported.

5 Conclusions

In this contribution, we shared our views on the physical channel structure appropriate for G-C PDCCH carrying SFI. Based on the discussion, we summarize our views through the following observations and proposals:
Observation 1:
· The physical channel design for group-common PDCCH carrying SFI should facilitate fast and low complexity decoding, have low system overhead, and can be easily multiplexed with NR PDCCH.

Observation 2:
· It is not necessary that the UE needs to perform blind decoding for the G-C PDCCH if the corresponding CORESET is same as the CORESET for monitoring of PDCCH for other types of control signaling.
Proposal 1:
· Group-common PDCCH carrying SFI is a separate physical channel that is identified separately from other uses cases of group common DCI formats that may be transmitted in NR PDCCH CSS to a group of UEs or all UEs in a cell.
Proposal 2:
· UE is configured with a common CORESET for monitoring and reception of group-common PDCCH carrying SFI.
Proposal 3:

· The physical channel structure for group-common PDCCH carrying SFI employs the following components:
· It is CRC-less with Reed Muller encoded information bits.
· In slots that are configured for transmission of group-common PDCCH, the resources used for group-common PDCCH are reserved and NR PDCCH/PDSCH are rate-matched around these REG-bundles.
Proposal 4:
· Configuration and transmission of shared DM-RS at least within the REGs of the CORESET containing the group-common PDCCH should be supported.
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