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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 potential contents of G-C PDCCH carrying SFI and discusses how to indicate the slot format information.  Our views on the physical channel structure and associated UE behavior for G-C PDCCH are presented in our companion papers [3] and [4].
2 Slot format indication (SFI)
From the agreement in the RAN1 NR AH#2 meeting, slot formation related information indicates at least which symbols in a slot are ‘DL’, ‘UL’, and ‘Unknown’ (UK), respectively.

For defining the slot format information (SFI), the most flexible way is to explicitly indicate the transmission direction, either DL, UL, or UK, symbol-by-symbol in a NR slot, as shown in left part of Figure 1. Assuming each symbol can be one of the 3 possible types (i.e. DL, UL, and UK) and a slot consists of 14 OFDM symbols where the first slot is always downlink for the transmission of PDCCH, then there can be 313 possible slot formats and 21 bits are required in group-common PDCCH just for slot format indication. 
There are many formats that would not be used in practice inside the whole set. However, there can still be many potential formats that can be used in reality, considering possible variations of short/long PUCCH resources, reserved resources for future releases, and many other factors. Let’s say there are K possible slot formats that can be supported in NR as shown in right part of Figure 1. 

However, all K slot formats may not be used for all systems depending on releases, operators, cell deployments, and etc. In addition, depending on the situation, the preferable slot formats may change, e.g., when there are many UEs, more than 1 symbol are required for short PUCCH in DL-centric slot while 1 symbol is enough otherwise. So it is motivated that long-term configuration by higher layer is used to limit the possible slot formats into a small set, e.g., 4 formats, and group-common PDCCH only indicates one of the formats among the configured formats. 
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Figure 1. Possible slot formats in a slot

So far, the above discussion assumes that the G-C PDCCH indicates the SFI for the slot in which it is received. As quoted in Section 1, the gNB may indicate the SFI as well as the number of consecutive slots starting from the current one that the indicated slot format corresponds to. To support such a functionality, the simplest option is to use a 1- or 2-bit field indicating one of two or four values that are configured by higher layers. SIB signaling can be used to configure the candidate values. 
Furthermore, to keep the SFI payload from scaling up significantly, it is proposed that a common SFI applies to all the subsequent slots indicated in the same G-C PDCCH. 

In order to provide sufficient flexibility by allowing the gNB to change the decision on the slot format for a later slot compared to what was indicated in the G-C PDCCH, some additional mechanisms and associated UE behavior need to be defined. Such considerations are presented in our companion paper [4].

Proposal 1:
· For corresponding slot(s), group-common PDCCH indicates one slot format from a set of possible formats configured by higher layer.
Proposal 2:
· The group-common PDCCH indicates the number of slots the slot format information applies to by indicating one of two or four higher-layer configured values.
· The same SFI is applied to all the slots.

2.1 SFI and multiple CCs or BWPs

Until now, the discussion has considered transmission of SFI using G-C PDCCH for single BWP or CC scenario. However, it needs to be considered as to how SFI signaling is performed in case of CA or multiple BWPs (if multiple active BWPs are supported in Rel-15 NR).

For multiple component carriers (i.e., carrier aggregation (CA) scenarios), it is desirable to support different slot formats for different CCs in order to address different traffic loading conditions, different numerologies in the different CCs, different types of services supported on different CCs, etc. Thus, SFI signaling may need to be indicated separately for different CCs. 

Even for the case of intra-band CA with contiguous-in-frequency CCs, the different slot formats may be still needed due to the possibility of different configuration of the “Unknown” symbols although symbols corresponding to DL or UL directions need to be aligned across such CCs to avoid cross-link adjacent channel interference.
One option is to multiplex the SFI for multiple CCs or BWPs in a single G-C PDCCH payload and similar to eIMTA dynamic subframe configuration signaling design in LTE, a UE monitors for such a G-C PDCCH carrying SFI in a CORESET configured within the Primary Component Carrier (PCC) configured for the UE. This method can provide good flexibility in traffic adaptation by adapting slot formats independently for different carriers, but at the cost of significant increase in the payload of the G-C PDCCH carrying SFI depending on the number of CCs. 

An additional challenge for this approach arises from the fact that it is possible that different CCs or BWPs use different numerologies. In such a case, the slot durations in different CCs or BWPs are different. If a common SFI signaling carried by a single G-C PDCCH is utilized, then there can be potential misalignment between the instances when SFI is transmitted in one CC and the slot boundaries in one or more of the other CCs. While this challenge may be addressed by using common or reference SCS, the associated scheduling restrictions would be inevitable.

Considering the above, a more straightforward approach to handle the case of multiple BWPs or CCs is to adopt the mechanism whereby the SFI for each CC or BWP is transmitted using G-C PDCCH within CORESETs configured in the respective CC or BWP. In such a case, all CA-configured UEs need to monitor for and receive G-C PDCCH carrying SFI in each of the configured CCs. Assuming that the monitoring of G-C PDCCH carrying SFI can be limited to no or a very small number of blind decoding attempts (BDs), the overall impact to increased BDs can be limited.

The main benefit of this approach is that it can provide full-flexibility in scheduling and traffic adaptation for each of the CCs or BWPs while maintaining a low-overhead G-C PDCCH payload for SFI signaling in each of the CC or BWP.
Proposal 3:
· For SFI signaling for multiple CCs or multiple BWPs (if multiple active BWPs are supported), the SFI for each CC or BWP is transmitted using G-C PDCCH within CORESETs configured in the respective CC or BWP.

3 Other potential information in G-C PDCCH
Another open issue in RAN1 is whether there are any additional information carried in G-C PDCCH other than SFI-related information. In this regard we discuss the following three potential candidates below.
3.1 CORESET duration

The possibility to include the information on control resource set (CORESET) duration was discussed and remained as FFS. The main motivation of the control resource set duration is to reduce the power consumption by skipping blind decoding of NR PDCCH in a portion of the resources inside the control resource set. 

The benefit from control resource set duration indication depends on how often the control resource set duration is smaller than the configured control resource set. The benefit can be maximized if the configured control resource set has many OFDM symbols, and the number of co-scheduled UEs in the same slot varies substantially. However, it is common assumption that the number of OFDM symbols for control resource set is normally 2 or 3 which may not be sufficient for providing the benefit. Also, it may take a while for UE to decode the group-common PDCCH so the UE anyway needs to perform the blind decoding up to 2nd OFDM symbols assuming the group-common PDCCH is transmitted only using the 1st OFDM symbol. If time-first REG to NR CCE mapping is applied, UE anyway needs to perform blind decoding through multiple OFDM symbols.
3.2 Scaling factor for number of BD candidates in the slot

It was proposed in [5] to support indicating, via the G-C PDCCH, a scaling factor for the number of blind decoding attempts a UE may need to perform across all ALs across all CORESETs configured for monitoring within the slot. First of all, the usefulness of defining a scaling factor that applies to all UEs across all configured CORESETs in a slot is not clear – for most times, the gNB may need to select a conservative value as it is very likely that the PDCCH loading different CORESETs within a slot may be different. Similarly, for the case of multiple slots, it may not be feasible for the gNB to predict the loading conditions for multiple slots in advance. Alternatively, there may need to be multiple G-C PDCCH transmissions even within a single bandwidth part (BWP), thereby increasing not only the overhead but also potentially diminishing the usefulness of the G-C PDCCH itself if all G-C PDCCH transmissions cannot be accommodated within the first symbol of the slot. 
Furthermore, with a non-zero scaling of the BD candidates across ALs (which can be expected to be the most typical scenario), the UE would still need to perform most of the RF and baseband procedures related to reception and buffering of the PDCCH symbols, and only avoid decoding of certain candidates, thereby contributing to a significantly smaller impact on the power consumption. 
Even assuming a very small decoding and parsing latency associated with the G-C PDCCH, the latency associated with the baseband reception could potentially mandate the UE to buffer the first couple of symbols, which could very well map to the entire PDCCH CORESET duration in a slot for typical use cases.

Note that there is no reduction in the UE processing complexity since the UE would need dimension its processing capability considering the maximum number of BD attempts necessary within a certain duration (e.g., slot). Thus, the overall benefits from introducing such scaling factor indication may need further justification.
3.3 Reserved bits

However, considering that the forward compatibility is one of the main design targets for NR, we may consider the reserved bits for the future usage inside group-common PDCCH. The number of bits for reservation should not be too large considering that only critical information can be added for the future functionalities. 2~3 bits could be the possible number of the SFI and we may consider a few more reserved bits for future usage, e.g., 3 bits, so total number of bits for group-common PDCCH can be up to 5~6 bits. The detailed number of reserved bits is FFS.
As discussed in [3], almost all other use cases of transmission of control information in a UE-group-specific manner can be defined via DCI formats in appropriate common search spaces, instead of being bundled with the Group-common PDCCH carrying SFI. Accordingly, we arrive at the following proposal.
Proposal 4:
· Group-common PDCCH includes slot format related information (SFI and the number of slots the SFI applies to) and reserved bits only.

4 Conclusions

In this contribution, we shared our views on the potential contents of G-C PDCCH and discusses how to indicate the slot format information and what other information may be indicated. Based on the discussion, we summarize our views through the following proposals:
Proposal 1:
· For corresponding slot(s), group-common PDCCH indicates one slot format from a set of possible formats configured by higher layer.

Proposal 2:
· The group-common PDCCH indicates the number of slots the slot format information applies to by indicating one of two or four higher-layer configured values.

· The same SFI is applied to all the slots.

Proposal 3:
· For SFI signaling for multiple CCs or multiple BWPs (if multiple active BWPs are supported), the SFI for each CC or BWP is transmitted using G-C PDCCH within CORESETs configured in the respective CC or BWP.

Proposal 4:
· Group-common PDCCH includes slot format related information (SFI and the number of slots the SFI applies to) and reserved bits only.
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