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Introduction
[bookmark: _Hlk490006244]In previous meetings, it was agreed a physical L1/L2 broadcast channel for a group of UEs (referred to as a group-common PDCCH) is supported in NR but reception of such signal is not necessary for detection of PDCCH for data reception. However, this signal if detected can provide additional information to the UE (in particular non-scheduled UEs) which can potentially improve the UE performance. Based on the discussion the following agreements related to the group-common PDCCH were made [1][2][3] :

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 staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
· FFS: how and with what granularity the unused control resource set(s) can be used for data

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
Agreements:
· 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

Agreements:
· 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
[bookmark: _Hlk490006381]Agreements:
· 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’.

Agreements:
· 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.

In our companion contributions, we discuss our view on the structure and configuration of the group-common PDCCH and related UE procedures [4][5]. In this discussion, we focus on the corresponding fields of this signal.
Discussion
Slot related information
It is agreed that the group-common PDCCH provides the slot related information for one or more slots. The information corresponding a symbol within a slot can be ‘DL’, ‘UL’ or ‘Unknown’ as agreed. First, we discuss how to indicate to the UE the SFI for a given slot. Next, we explain how the SFI can be extended for multiple slots.
[bookmark: _Hlk490007105]It is agreed that the UE can assume the slot duration, denoted by N here, being 7 or 14 symbols based on the RRC configurations. Additionally, the guard period in number of symbols, denoted by G here, is known to the UE based on its capability. If the UE needs to make other assumptions for example to be aligned with other UEs addressed by the group-common PDCCH, this parameter can be semi-statically configured. We further assume that in case of DL transmission in a slot, the slot starts with DL transmission which can be followed by UL transmissions if present. Having this assumption together with the two parameters N and G, we define the following two fields in the DCI of group-common PDCCH to provide the SFI for a given slot, x.
· Number of DL symbols in the slot x, denoted by Dx, taking values from 0 to N.
· UL transmission indicator in the slot x, denoted by ULx which indicates the presence or absence of the UL transmission in the slot x.

Based on the above information, the UE can determine in addition to the number of ‘DL’ symbols in the slot x (i.e. Dx), the number of ‘UL’ symbols (denoted by Ux) as well as ‘UnKnown’ symbols (denoted by Kx) as the following:
· If there is no UL transmission in the slot x (i.e. ULx=0), the first Dx symbols are assumed ’DL’ symbols followed by Kx = N-Dx ‘Unknown’ symbols.
· If there is both DL and UL transmission in the slot x (i.e. Dx>0 and ULx=1), the slot x starts with Dx DL symbols and ends with Ux=N-(Dx+G) UL symbols with Kx=G symbols in between as ‘Unknown’ symbols.
· If there is only UL transmission in the slot x (i.e. Dx=0 and ULx=1), the slot x is assumed only-UL slot (i.e. Ux=N and Kx=0).

It is clear that based on this approach, a DL-only slot is determined by Dx=N and ULx=0 while a UL-only slot is determined by Dx=0 and ULx=1.
Note that based on this structure, the ‘Unknown’ symbols or non-scheduled ‘UL’ symbols can be used as the guard period by the UE if needed for DL/UL switch. For example, the symbols at the beginning or end of a UL-only slot can be used as the guard periods in case the previous slot ends with DL transmission or the next slot starts with DL transmission, respectively.
Finally, based on the agreements, the slot related information can be as well provided for multiple slots in the group-common PDCCH. To increase the flexibility and utility, we consider a general structure that allows repetitive SFIs pattern where the SFIs corresponding to multiple slots can be structured as a block of slots that is repeated. This functionality can be achieved by signaling the corresponding block size in number of slots and the repetition factor of at least one where the repetition factor one implies no repetitive pattern in the SFIs of the slots addressed by the group-common PDCCH. The signaling can be done semi-statically by RRC configuration or dynamically by group common PDCCH. Alternatively, by applying joint coding on the SFIs as well as the corresponding block size and the repetition factor, the amount of bits used in the group-common PDCCH for this purpose can be reduced. 
Figure 1 and Figure 2 illustrate some examples for the above approach.
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[bookmark: _Ref490004581]Figure 1: Illustrative examples for the SFI DL/UL split for a slot with different values of the DCI fields of the group-common for (Dx,ULx)  assuming N=14, G=1, X=1, R=1 for the corresponding RRC parameters
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[bookmark: _Ref490015750][bookmark: _Hlk490129683]Figure 2: Illustration of SFI over 6 slots with repetition factors 2 and 3
Based on the above discussion we propose the following signaling parameters and fields for the group-common PDCCH while the corresponding UE behavior is proposed in our companion contribution [5]:

Proposal:

· [bookmark: _Hlk490008416]In the group-common PDCCH the following fields for a given slot are supported:
· A field to indicate the number of DL symbols in the slot from 0 to the slot duration.
· A bit to indicate the presence or absence of the UL transmission in the slot.

Other fields
Different functionalities such as UE’s processing time improvement, cross-link interference mitigations, reduction of number of blind decodes and UE’s power saving are claimed to be beneficial to be enabled by means of a group-common PDCCH [6]. Depending on the functionality, diverse views were expressed on whether the group-common PDCCH should be considered as enablers for such functionalities. In the following, we discuss our view on the fields in the group-common PDCCH.
Reserved bits: 
In our view in addition to the number of bits for the specified fields, it is important to allocate a few bits as the reserved bits while keeping the total number of payload bits constant. Such consideration ensures a forward compatible design for the group-common PDCCH signal which does not to be changed with new releases and introduction of potentially new fields.
 Proposal:
· Reserve a few bits in the payload of the group-common PDCCH for future compatibility purposes in the current release of NR.
 
UE power saving and blind decoding reduction:
In general, in the UE, power consumption is affected at least by the following factors with respect to blind decoding.
· Aspects related to reception of the signal such as the power taken by the radio receiver including RF and baseband components
· The computational complexity of performing the blind decodes
· The processing capability in the UE which impacts the time needed to perform blind decodes and whether blind decode candidates can be processed in parallel or whether they are processed serially
· The power saving capabilities in the UE, i.e., the speed with which various components can be turned off or on in order to save power
· The structure of the control channel resource set
· The latency in reading the group-common PDCCH and responding to the information in it
The ratios of the power consumed by various sources of power consumption will play a key role in the realizable power saving due to any information provided in the group-common PDCCH that may reduce the number of blind decoding attempts to be performed by the UE. If for example, the UE is unable to take advantage of micro-sleep procedures in time granularities of less than a slot length and a large fraction of the power is consumed by the radio receiver, then the power savings due to reducing blind decoding complexity could be quite limited. If the UE is able to enable micro-sleep within a slot and turn off the receiver based on information received in the group-common PDCCH, then there could be some potential for power reduction. However, the power reduction will then depend on the control resource set structure and how the blind decode processing is performed. For instance, if blind decodes are completed quite fast in comparison to the slot time or the time it takes for the UE to turn off the radio receiver and enable micro-sleep, then, the savings in power from avoiding some blind decodes would be rather limited. Or if the blind decodes are performed in parallel, then the number of blind decodes that can be avoided based on the information from the group-common PDCCH may also be limited.
Another aspect that plays a role is the structure of the control resource set and the location of the group-common PDCCH within it. It is agreed that the duration of the control resource set is RRC configured. For instance, if the control resource set is only one OFDM symbol long and the UE has the ability to perform blind decodes in parallel, the power saving may not be significant since the UE can only start the decoding of the group-common PDCCH after the first OFDM symbol. By the time the UE is able to decode the group-common PDCCH and decide that the other blind decodes are not needed, most of them may be completed anyway. If the UE waits to do the other blind decodes after the result of the decoding of the group-common PDCCH is known, then the buffering requirements will be greater and in fact more power may be consumed due to a delay in when micro-sleep can be applied. If a CORESET longer than one OFDM symbol is used and the group-common PDCCH is confined to the first OFDM symbol, then the potential for power savings is potentially greater. 
It should also be noted that the slot format information already agreed could be provided not just for the current slot but for future slots as well when the slot formats are not otherwise known by some other means, e.g., when dynamic TDD is used. When the UE is provided information about future slots which indicates that these slots do not have any symbols for DL within them, the UE can skip all blind decodes including the group-common PDCCH for the entire slot. This can serve to reduce the number of blind decodes that the UE has to perform.
In our view the information on the data starting position should be conveyed in the UE-specific DCI since the UE should be able to receive data irrespective of the presence or detection of the group-common PDDCH [4]. Furthermore, for analog beamforming in NR, the UE needs to adjust its RX beam according to information given in the PDCCH which means that to schedule PDSCH in the same slot in which the UE receives the PDCCH, there needs to be some offset indicated to the UE. The signalling of the starting position in the UE-specific DCI can be used for this purpose.
Based on this discussion we propose the following.
Proposal:
· The power savings achievable with implementation constraints should be shown to be substantial before defining information to be sent in the group-common PDCCH for the purpose of blind decode reduction.
· The starting position of downlink data in a slot can be explicitly and dynamically indicated to the UE in the UE-specific DCI.

Additional SR resources:
Other benefits include dynamically signaling the presence of resources for SR transmission [6]. Considering that the UE is semi-statically configured with resources for SR transmissions, the gNB can provide additional SR resources by indicating them in the group-common PDCCH. The additional SR resources are useful to provide lower latency as they are typically provided "in between" the periodically occurring normal resources. There resources can be periodic or aperiodic configured resources.
Proposal:
· SR resources can be dynamically triggered in the group-common PDCCH in addition to the semi-statically configured SR resources.
Similar to the SR, the UE can potentially be configured with resources for aperiodic SRS transmissions where the corresponding SRS transmission can be triggered by the group-common PDCCH. This can be beneficial in the sense that its provides the possibility to sound the channel when needed in addition to the regular sounding without the need to change the periodic SRS transmission configuration.

De-activate configured transmissions:
The resources that are used for configured transmissions such as periodic CSI-RS transmission in DL or periodic CSI reporting in UL, can be occasionally used for other transmission such as transmission of critical information. If the direction of these transmissions is the same as the configured transmission, the gNB can indicate to UE that the configured transmission is de-activated in DL or UL. On the other hand, if the direction of these transmission is different from the configured transmission, the deactivation command can be understood by the proper signaling the ‘slot related information’ in the group-common PDCCH.
Proposal: 
· Configured transmissions can be temporarily deactivated by the group-common PDCCH.

Conclusion
In this contribution, we discussed our view on the content of the group-common PDCCH. Based on the discussion we proposed the followings:
Proposal:
· In the group-common PDCCH the following fields for a given slot are supported:
· A field to indicate the number of DL symbols in the slot from 0 to the slot duration.
· A bit to indicate the presence or absence of the UL transmission in the slot.

Proposals:
· Reserve few bits in the payload of the group-common PDCCH for future compatibility purposes in the current release of NR.
· The power savings achievable with implementation constraints should be shown to be substantial before defining information to be sent in the group-common PDCCH for the purpose of blind decode reduction.
· The starting position of downlink data in a slot shall be explicitly and dynamically indicated to the UE in the UE-specific DCI and not in the group-common PDCCH.
· SR resources can be dynamically triggered in the group-common PDCCH in addition to the semi-statically configured SR resources.
Configured transmissions can be temporarily deactivated by the group-common PDCCH.
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image1.emf
(Dx, ULx)=(D0, UL0) Slot SFI for DL/UL split  Comment

(0,1) UL-only

(1,1) UL-heavy slot, 1 symbol DL

(2,1) UL-heavy slot, 2 symbols DL

(14,0) DL-only

(13,0) DL-only with guard

(12,1) DL-heavy slot, 1 symbol PUCCH

(11,1) DL-heavy slot, 2 symbols PUCCH

(0,0) Unknown

DL UL Unknown


image2.emf
a) SFI block of X=3 slots and repetition factor R=2

b) SFI block of X=2 slots and repetition factor R=3


