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Discussion and Decision
1
Introduction
For the DL control design in NR, the following has been agreed regarding common PDCCH in RAN1 NR ad hoc meeting in January 2017:
Agreements:
· 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.
Agreements:
· 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

Agreements:
· ‘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.
In this contribution, we discuss common PDCCH in further detail.
2
Discussion
2.1
Content and transmission of the group common PDCCH
There has been extensive discussions on the content of group common PDCCH in the past few meetings, but not much consensus has been achieved so far. The divergent view suggests that we should focus on the most essential information that should be carried in order to make progress, and the more controversial components can be down-prioritized.

In our view, the most important information that should be included in the group common PDCCH is the slot format related information, which allows the UE to decide when to transmit or receive some configured periodic channels/signals, and allows the UE to not monitor PDCCH in UL slots/symbols in order to save power. Therefore, we propose:
Proposal 1: The group common PDCCH carries the slot format related information for the current slot and the information regarding the upcoming UL slots.

On whether the group common PDCCH carries the data starting position, we discuss the issue in our companion contribution [1], where we propose to include this info in UE-specific DCI instead.

Proposal 2: The group common PDCCH does not carry the data starting position.

There has been discussion on whether to signal the end of the control resource set. The main claimed benefit is that the UE may skip some of the blind decodings if they occur beyond the end of the control resource set (i.e., UE power saving).  However, it takes time for a UE to decode common PDCCH before it knows which blind decodings can be skipped, but by then the blind decodings may already be in process. So the benefit seems to be limited. Moreover, the overhead associated with the signalling could be fairly small, e.g. 1 or 2 bits. Therefore, it can be further considered if the benefit is shown.
Proposal 3: The signalling of the end of the control resource set on the group common PDCCH can be further considered if the overhead is kept small and there is sufficient benefit.

Regarding the channel to carry the group common PDCCH, it is strongly preferred to use PDCCH. This avoids the design of a different channel, saving both specification and implementation effort. It also provides some forward compatibility in case more common information needs to be transmitted in the future by having some reserved bits.

Proposal 4: The group common PDCCH is carried on PDCCH, not a separately defined channel.
2.2


UE behaviour with or without group common PDCCH
As agreed in the Jan ad hoc meeting, a UE can be configured whether to monitor the group common PDCCH or not. There are a few cases where the UE behaviour needs to be defined:
· Case 1: When a UE is configured not to monitor the group common PDCCH

· Case 2: When a UE is configured to monitor the group common PDCCH

· Case 2a: When a UE successfully decodes the group common PDCCH

· Case 2b: When a UE does not receive the group common PDCCH in a slot (either due to decoding failure or the gNB not transmitting it)

First of all, there may be some slots that are pre-defined or configured to be always DL or UL. This could be, e.g. the slots containing the synchronization signals/PBCH are always DL, the slots/symbols configured for PRACH are always UL, etc.

For the remaining slots/symbols, there are some universal rules that a UE should always follow regardless of the status of the group common PDCCH. 
· For dynamically triggered transmission or reception, the UE shall always follow the triggering signals (such as DL assignment, UL grant, aperiodic CSI measurement, aperiodic CSI report, aperiodic SRS, etc.) to transmit or receive. The UE would assume the corresponding slots/symbols are UL or DL, depending on the triggered signal.
· For periodic transmission (e.g. SRS, periodic PUCCH) or reception (e.g. periodic CSI-RS etc.), the UE shall perform the corresponding action if the configured resources are considered as part of the UL or DL through other means (pre-defined, configured, or dynamically signalled).

The uncertain UE behaviours come from the uncertainty in which slots/symbols are considered as DL or UL, and this will impact:

· When to monitor PDCCH

· When to perform periodic CSI/beam measurement

· When to transmit periodic PUCCH (e.g. SR, periodic CSI report) and periodic SRS

· When to transmit HARQ-ACK feedback on PUCCH when the timing is implicitly defined (not explicitly indicated in PDCCH)

The UE behaviour in Case 2a is straightforward because the UE basically knows which slots/symbols are DL or UL so it can behave accordingly. The following discussion will focus on case 1 and case 2b only.
2.2.1


UE behaviour when not configured with group common PDCCH
The most typical use cases for not configuring a UE with group common PDCCH include at least FDD and TDD with semi-static DL/UL configuration (which could be just gNB operation mode that is not aware to the UE). For these cases, there is no dynamic change in the frame structure, so there is no need for dynamic signalling to indicate the slot format related information.

In these cases, it can be safely assumed that when the gNB is operating in a semi-static frame structure, the gNB should provide the correct configuration for all the periodic operation, so the UE can simply follow the configuration.

Proposal 5: When a UE is not configured with group common PDCCH, it follows the frame structure if the frame structure is known; otherwise it follows the configurations of all the periodic signals/reporting, and monitors PDCCH as configured in all the slots/symbols that are not considered as UL by the UE.
2.2.2


UE behaviour when configured with group common PDCCH
The focus here is the fallback UE behaviour when a UE is configured with group common PDCCH but does not receive a message successfully (i.e., when the UE does not know the slot structure for the current and future slots) – case 2a.
A few alternatives on the UE fallback behaviour were discussed in our previous contribution [2], including the pros and cons of the different alternatives. In our view, the following is the most preferred behaviour, given that it provides the maximum flexibility in dynamic DL/UL switching at the gNB, and it would not cause serious error cases when the UE misses a common PDCCH.

· The UE does not transmit any periodic UL signals or perform any periodic DL measurement when the UE does not know if the corresponding slots/symbols are DL or UL.
· The UE still monitors PDCCH as configured in all the slots/symbols not considered as UL.

The cost is that if the gNB wants the UE to measure periodic CSI or transmit periodic PUCCH/SRS, the gNB needs to transmit the group common PDCCH to notify the UE of the DL and UL structure.
Proposal 6: When a UE is configured with group common PDCCH, the UE does not assume a slot/symbol as either DL or UL (i.e. no DL measurement, no UL transmission) when it is unknown (e.g. when not receiving any related group common PDCCH), and it monitors PDCCH as configured in all the slots/symbols that are not considered as UL by the UE.
3
Conclusions
In this contribution, we have discussed the open issues regarding group common PDCCH and proposed the following:

Proposal 1: The group common PDCCH carries the slot format related information for the current slot and the information regarding the upcoming UL slots.

Proposal 2: The group common PDCCH does not carry the data starting position.

Proposal 3: The signalling of the end of the control resource set on the group common PDCCH can be further considered if the overhead is kept small and there is sufficient benefit.

Proposal 4: The group common PDCCH is carried on PDCCH, not a separately defined channel.

Proposal 5: When a UE is not configured with group common PDCCH, it follows the frame structure if the frame structure is known; otherwise it follows the configurations of all the periodic signals/reporting, and monitors PDCCH as configured in all the slots/symbols that are not considered as UL by the UE.

Proposal 6: When a UE is configured with group common PDCCH, the UE does not assume a slot/symbol as either DL or UL (i.e. no DL measurement, no UL transmission) when it is unknown (e.g. when not receiving any related group common PDCCH), and it monitors PDCCH as configured in all the slots/symbols that is not considered as UL by the UE.
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