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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 [8]:

· 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.
During the RAN1 #90 meeting, the following was agreed as a working assumption [3]:

· ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.

· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH

· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)

· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.

· ‘Reserved’ is signalled at least by RRC

· FFS: handling of ‘gap’

· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

In this contribution, following the above agreements, we discuss remaining details of G-C PDCCH. The contents of this contribution are based on revisions to the previous contributions on this topic ([4], [5], and [6]).
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.
3 Channel structure for group-common PDCCH
It has been extensively discussed in previous RAN1 meetings on the channel structure for G-C PDCCH. 

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 1:
· UE is configured with a common CORESET for monitoring and reception of group-common PDCCH carrying SFI.
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.
If the payload of G-C PDCCH is small (less than 11 bits), a CRC-less design using linear block code based channel encoding, e.g., Reed Muller code, is highly desirable for G-C PDCCH to facilitate quick decoding so as to maximize the benefits from knowledge of the slot format. For a small payload as expected for G-C PDCCH, addition of a 24-bit CRC (working assumption for NR PDCCH) implies a significant burden to resource overhead or alternatively, a degradation in the achievable coverage for G-C PDCCH.

Proposal 2:

· If the payload size of G-C PDCCH is no more than 11 bits, the physical channel structure for G-C 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 Contents of G-C PDCCH

4.1 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. 

Alternatively, following a “joint encoding” approach, slot formats of different lengths can be configured via RRC corresponding to different numbers of slots such that the SFI in G-C PDCCH can indicate the slot format for the one or more slots.

Proposal 3:
· For corresponding slot(s), group-common PDCCH indicates one slot format from a set of possible formats configured by higher layer.

Proposal 4:
· For multi-slot application of SFI, down-select between:

· Option 1: Group-common PDCCH indicates the number of slots the SFI applies to by indicating one of two or four higher-layer configured values and the same SFI is applied to all the slots.

· Option 2: Slot formats of different lengths can be configured via RRC corresponding to different numbers of slots such that the SFI in G-C PDCCH can indicate the slot format for the one or more slots.
4.2 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 5:
· 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.

4.3 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.
Proposal 6:
· Group-common PDCCH includes slot format related information and reserved bits only.
5 UE behavior for G-C PDCCH

We consider details of UE behavior for the following events:

· Case 1: UE is not configured to monitor for the group-common PDCCH carrying SFI

· UE is configured to monitor for the group-common PDCCH carrying SFI

· Case 2: The UE does not detect a group-common PDCCH carrying SFI for a given slot(s)

· Case 3: The symbol type indicated by a detected SFI conflicts with the symbol type provided by other signaling including broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration
5.1 Case 1 (UE not configured to monitor for G-C PDCCH carrying SFI)

There can be slots for which the UE is not configured to monitor for G-C PDCCH. There can be two types of such slots:

· Slots for which an SFI is already indicated to the UE via G-C PDCCH in a prior slot

· Slots for which no corresponding SFI is indicated

For the first type of slots, the handling is same as for slots with G-C PDCCH, that is, the UE is expected to follow the SFI indicated in the previously received G-C PDCCH.

For the second type of slots, corresponding to those in which no SFI is transmitted, the UE is expected to monitor for DCI according to the PDCCH monitoring occasions and follow the assignment or grant in the scheduling DCI in case one is detected. Further, the UE may receive any DL channel or signal or transmit any UL channel or signal in the slot if scheduled/indicated via a prior assignment/grant or configuration.

If no DCI is detected by the UE in such a slot and there is no prior indication for reception or transmission, then the UE shall treat this as a DL slot with all DL symbols, except any symbols that may be already pre-defined/pre-configured. Here, the expectation is that the network would inform the UE in case of any symbols being different from DL, the latter being the default.

5.2 Case 2 (UE does not detect a G-C PDCCH carrying SFI for a given slot(s))

In this case, the UE is configured to monitor for G-C PDCCH but fails to detect/decode one. In such a case, the UE is expected to monitor for PDCCH in the symbols configured with PDCCH monitoring occasions and consider all remaining symbols as of type Unknown (UK), except any symbols that may be already pre-defined/pre-configured. 

Since a G-C PDCCH monitoring occasion was configured for the slot, it would be safer to expect that the network may have actually configured at least some symbols in the slot as something other than DL symbols. 

Thus, assumption of “Unknown” prevents any inadvertent wrong transmission or reception attempts by the UE.

However, if a DCI is detected for that slot, then the UE follows the indication in the DCI.

5.3 Case 3 (The symbol type indicated by a detected SFI conflicts with the symbol type provided by other signaling including broadcast DCI, UE-specific DCI and/or semi-static signaling/configuration)

We consider three sub-cases for this case:

· Conflict between SFI and any other signaling, with the SFI detected in the same slot

· Conflict between SFI and any other signaling, with the SFI indicated via a G-C PDCCH in a prior slot

· Conflict between SFI and dynamic scheduling, with the dynamic signaling received prior to the G-C PDCCH
For the first case: Conflict between SFI and any other signaling, with the SFI detected in the same slot
· in case the other signaling is semi-static signaling/configuration,

· the indication in the SFI takes precedence as the SFI can be seen as a means for the gNB to over-ride the semi-static indication;

· exception: symbols configured semi-statically as DL/UL symbols

· in case the other signaling is a broadcast or UE-specific DCI,

· the indication in the DCI takes precedence, at least for DCIs transmitted using mini-slot/symbol-based PDCCH.

For the second case: Conflict between SFI and any other signaling, with the SFI indicated via a G-C PDCCH in a prior slot

· in case the other signaling is semi-static signaling/configuration,

· the indication in the SFI takes precedence as the SFI can be seen as a means for the gNB to over-ride the semi-static indication, assuming that the number of slots an SFI may apply to is much smaller compared to semi-static timescales;

· exception: symbols configured semi-statically as DL/UL symbols
· in case the other signaling is a broadcast or UE-specific DCI,

· the indication in the DCI takes precedence.

For the third case: Conflict between SFI and dynamic scheduling, with the dynamic signaling received prior to the G-C PDCCH
· in case the indication in SFI take precedence as the SFI can be seen as a means for the gNB to over-ride the previous dynamic scheduling decision.
Proposal 7:
· The UE behavior for group-common PDCCH is as summarized in Tables 1 through 3.
Table 1: UE behavior for group-common PDCCH: Case 1

	Sub-cases
	UE behavior

	SFI is already indicated to the UE via G-C PDCCH in a prior slot
	Follow the SFI indicated in the previously received G-C PDCCH

	No corresponding SFI is indicated: DCI indicating transmission/reception detected for this slot
	Follow DCI

	No corresponding SFI is indicated: No DCI detected
	Interpret as a DL slot with all DL symbols, except any symbols that may be already pre-defined/pre-configured


Table 2: UE behavior for group-common PDCCH: Case 2

	Sub-cases
	UE behavior

	G-C PDCCH configured for the slot but not detected: No DCI detected
	All remaining symbols as Unknown (UK), except any symbols that may be already pre-defined/pre-configured

	G-C PDCCH configured for the slot but not detected: DCI detected
	Follow DCI


Table 3: UE behavior for group-common PDCCH: Case 3

	Sub-cases
	UE behavior

	The other signaling is semi-static signaling/configuration, except for semi-statically configured DL/UL symbols
	Follow SFI

	The other signaling is a broadcast or UE-specific DCI
	Follow DCI

	The other signaling is a broadcast or UE-specific DCI and is received prior to the SFI
	Follow SFI


6 Conclusions

In this contribution, we shared our views on the remaining details of 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:
· UE is configured with a common CORESET for monitoring and reception of group-common PDCCH carrying SFI.
Proposal 2:

· If the payload size of G-C PDCCH is no more than 11 bits, the physical channel structure for G-C 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 3:
· For corresponding slot(s), group-common PDCCH indicates one slot format from a set of possible formats configured by higher layer.

Proposal 4:
· For multi-slot application of SFI, down-select between:

· Option 1: Group-common PDCCH indicates the number of slots the SFI applies to by indicating one of two or four higher-layer configured values and the same SFI is applied to all the slots.

· Option 2: Slot formats of different lengths can be configured via RRC corresponding to different numbers of slots such that the SFI in G-C PDCCH can indicate the slot format for the one or more slots.
Proposal 5:
· 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 6:
· Group-common PDCCH includes slot format related information and reserved bits only.
Proposal 7:
· The UE behavior for group-common PDCCH is as summarized in Tables 1 through 3.
Table 1: UE behavior for group-common PDCCH: Case 1

	Sub-cases
	UE behavior

	SFI is already indicated to the UE via G-C PDCCH in a prior slot
	Follow the SFI indicated in the previously received G-C PDCCH

	No corresponding SFI is indicated: DCI indicating transmission/reception detected for this slot
	Follow DCI

	No corresponding SFI is indicated: No DCI detected
	Interpret as a DL slot with all DL symbols, except any symbols that may be already pre-defined/pre-configured


Table 2: UE behavior for group-common PDCCH: Case 2

	Sub-cases
	UE behavior

	G-C PDCCH configured for the slot but not detected: No DCI detected
	All remaining symbols as Unknown (UK), except any symbols that may be already pre-defined/pre-configured

	G-C PDCCH configured for the slot but not detected: DCI detected
	Follow DCI


Table 3: UE behavior for group-common PDCCH: Case 3

	Sub-cases
	UE behavior

	The other signaling is semi-static signaling/configuration, except for semi-statically configured DL/UL symbols
	Follow SFI

	The other signaling is a broadcast or UE-specific DCI
	Follow DCI

	The other signaling is a broadcast or UE-specific DCI and is received prior to the SFI
	Follow SFI
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