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1 Introduction

A UE-group common PDCCH was discussed in the last RAN1 ad-hoc meeting on NR and the following were agreed [1].

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.

Additionally, in RAN1#88, the following were observed as potential functionalities for the UE-common PDCCH [2].
Discussion:
Proposed content for the “group common PDCCH” in addition to slot structure and possibility for skipping some blind decodes 

· Content to resolve FFS from agreement:

· FFS: if “other” agreed field 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 configure blind decodings.

· Indication of part of control resource set UE should monitor

· Synchronous and non-adaptive HARQ feedback

· Information related to ACK/NACK in slot (part of slot structure?)

· Information related to potential CSI-RS resources in slot (part of slot structure?)

· Information related to SRS in slot (part of slot structure?)

· Information related to URLLC transmissions in slot (part of slot structure?)

· Reserved bits

This contribution considers aspects related to the transmission and the functionalities of the UE-group common PDCCH.
2 UE-Common Control Channel
2.1 Transmission Characteristics
The UE-group common PDCCH can use transmission diversity (as it is intended to a group of UEs) and candidates can correspond to one or more of the higher NR-CCE aggregation levels. This is similar to transmission of UE-group common PDCCHs in LTE or of other potential UE-group common PDCCHs in NR (e.g. for RAR scheduling).

It is beneficial for the UE-group common PDCCH to be transmitted in the first OFDM symbol and provide information for the DL control resource set duration, enable reduction in the number of PDCCH blind decoding operations at UEs, and maximize power savings for non-scheduled UEs as they can be realized by longer micro-sleep. This is similar to the transmission of PCFICH in LTE. 

The DCI conveyed by the UE-common PDCCH needs to be protected by CRC. Unlike the PCFICH in LTE where an incorrect detection only matters for scheduled UEs and had the rather benign consequence of a UE missing scheduling assignments in a subframe, an incorrect detection of the UE-group common PDCCH can be relevant to all UEs and can have consequences associated with incorrect measurements or erroneous transmissions (e.g. due to incorrect determination of the slot structure).   

Proposal 1: The UE-group common PDCCH conveys a CRC-protected DCI format and is transmitted on the first OFDM symbol using transmission antenna diversity.  

2.2 DCI Format Contents
The DCI format of the UE-group common PDCCH needs to convey the slot structure that includes ‘DL’, ‘UL’ and ‘other’. The ‘other’ can correspond to blank resources or reserved resources and the two need to be differentiated as they serve different purposes. The ‘DL’ and ‘UL’ can also be variable and include most (if not all) combinations of DL symbols and UL symbols particularly for slots that consist of 7 symbols. For example, in addition to a full DL slot or a full UL slot and considering that some symbols can be for GP, there can be several DL symbols in an UL-centric slot (e.g. for PDCCH transmissions) or several UL symbols in a DL-centric slot (e.g. for short PUCCH and/or SRS transmissions). 
Assuming a semi-statically configured number of GP symbols (e.g. by SI), combinations of ‘DL’, ‘UL’, ‘blank’, ‘reserved’ and possibly additional resource types can be indicated in the DCI format of the UE-group common PDCCH. A number of combinations can be determined by the granularity for indicating each such component and by whether any restrictions can apply. In terms of granularity, at least “DL” and “UL” can be indicated in number of slot symbols and can require small signaling overhead. One or more successive full UL slots can be indicated in the DCI format transmitted in a previous non-full UL slot. At least for periodic or semi-persistent CSI-RS or SRS transmissions, indicating an associated number of symbols or configurations may also be needed. Also indicating ‘blank’ or ‘reserved’ resources with granularity of slot symbols can reduce the signaling overhead but such granularity may be too coarse and RBG-type granularity may instead be needed. Unless there can be some prior restrictions in the number of symbols or RBGs that can be indicated for ‘blank’ or ‘reserved’ resources, the number of combinations and the respective signaling overhead can be large. Nevertheless, it is reasonable to expect that the total number of bits to indicate attributes of the slot structure can be less than 10. 

Proposal 2: In addition to ‘DL’ and ‘UL’, UE-group common PDCCH conveys blank and reserved resources. 

The DCI format of the UE-group common PDCCH also needs to convey the control resource set duration (as further discussed in the next section). For this purpose, 2 bits can suffice and can be applicable regardless of whether or not different control resource sets have a same duration. 
Proposal 3: UE-group common PDCCH conveys a “DL control resource set duration” indicator using 2 bits. 

The system should be able to operate without relying on the existence of the UE-group common PDCCH. This implies that UE-group common control information targeting scheduled UEs, such as the starting symbol for DL data channel transmission, or the ‘global’ CSI-RS configuration for UEs to perform rate matching, or even the slot structure, need to be included in UE-specific DCI formats. However, such UE-common control information may be in the order of ~10 bits and duplicating it in each UE-specific DCI format can be detrimental for control overhead and coverage especially considering that DCI formats in NR will be larger than in LTE (due to several agreed or to be agreed fields) and also due to the likely worse PDCCH BLER in NR due to the absence of CRS. Further, due to the additional flexibility introduced in NR, for example for timing relations of different transmissions and for other functionalities, DCI formats in NR have already become materially larger than LTE and NR control overhead will be larger than the LTE one.

Information duplication and DCI size increase can be avoided by having the existence of potentially UE-common control information in UE-specific DCI formats configured by the network. The network can then choose between transmitting the UE-common PDCCH in each applicable slot (that is not a full UL slot) or transmitting the UE-common PDCCH less frequently and duplicating UE-common control information in UE-specific DCI formats. Therefore, corresponding information in UE-specific DCI formats should not be default and can only exist if configured by the network. 
Further, for forward compatibility, it is desirable that the DCI format conveyed by the UE-group common PDCCH includes reserved bits.

Proposal 4: A network can configure all UE-group common control information necessary for a (scheduled) UE to transmit or receive to be transmitted either in the UE-group common PDCCH or in UE-specific PDCCHs. 

2.3 DL Control Resource Set Duration Indicator
LTE UE modem power consumption is dominated by monitoring PDCCHs while PCFICH assists LTE UEs in maximizing micro-sleep time and the same holds for UL/DL configurations in TDD. Obtaining the DL control resource set duration is important for NR UEs to achieve power savings over LTE UEs. For operation below 6 GHz, power savings from monitoring PDCCHs over a materially smaller BW than the carrier BW are unlikely. For example, for a NR-CCE of 6 RBs, a single candidate of 8 NR-CCEs spans almost 10 MHz and DCI formats in NR are expected to have larger size than the ones in LTE (e.g. due to adaptive HARQ-ACK timing, adaptive PUCCH resource selection, multi-slot scheduling, etc.). Moreover, in terms of power consumption, it is preferable for a UE to receive PDCCH in one symbol over X MHz than over 2 symbols over X/2 MHz. Additionally, if a UE has to always operate assuming a maximum/configured DL control resource duration and perform a maximum of decoding operations, power consumption will be worse than in LTE due to the shorter micro-sleep duration (on average). Also, with a dynamic slot structure in NR, the power saving benefits that exist in LTE for TDD are lost. Therefore, without reducing the number of blind decoding operations and maintaining the micro-sleep capability of LTE, not only will NR UE modem power consumption for monitoring PDCCHs not be reduced compared to LTE but it will actually increase.
For polar encoding, the decoding latency for a DCI format with 100 bits is less than 2 sec while the decoding latency for a DCI format with 30 bits (more applicable to the DCI format for the UE-group common PDCCH) is less than 0.5 sec. Therefore, even for the largest SCS values (shortest symbol durations), the decoding latency is immaterial in processing a DCI format. After decoding a DCI format, the UE needs to process its contents. The delay associated with the processing depends on the UE implementation. For a UE-common DCI format not requiring validation for its contents, such as DCI format 3/3A, the pruning delay is a few tens of sec with today’s technology and can be practically immediate when MAC involvement is not required (e.g. unlike updating a closed power control loop for processing a TPC command, no MAC involvement is needed for processing the CFI of the PCFICH – the same can hold for a CFI in the UE-group common PDCCH). 
Observation 1: Existing HW capabilities allow decoding and processing of a UE-group common DCI format to obtain an indication of the DL control set duration in substantially less than 1 symbol even for the largest SCS values. 

From another viewpoint of NR operation, the decoding and processing delay even for UE-specific DCI formats performing actual scheduling for DL data channels or UL data channels needs to be within one symbol (at 15 KHz SCS) to enable latency reduction for URLLC or self-contained slot operation (although the constraints for the latter come from the decoding of data TBs). The same applies for supporting peak data rates especially when the symbol duration decreases.
Therefore, without any increase in UE modem processing requirements compared to current ones, a UE can process a “DL control resource set duration” indicator in a UE-group common PDCCH in well less than one symbol. This can potentially allow skipping the blind decoding operations for candidates with NR-CCEs located after the first slot symbol. Further, for applications that do not have the tightest latency requirements, a UE can potentially apply buffering over the first symbol and not even decode candidates for UE-specific DCI formats in the first symbol if the “DL control resource set duration” indicator informs of an empty subframe (as can often exist in actual deployments).   
2.4 Fallback Operation
When a UE is configured to monitor the UE-group common PDCCH and also configured to transmit or receive periodic signaling, such as CSI-RS or SRS, the UE needs to know the structure of the slot where such transmissions or receptions are to occur. The same applies for other UE actions such as for example for grant-free transmissions or for multi-slot PDSCH receptions or for multi-slot PUSCH/PUCCH transmissions. 

For periodic or semi-persistent transmissions (e.g. for CSI-RS or for SRS) or for scheduled PDSCH/PUSCH/PUCCH transmissions (with respect to their timing instances), there are two options. Either the UE assumes that the network will honor the transmission direction at respective periodicities (implying a semi-static UL/DL configuration) or the UE will need to detect the UE-group common PDCCH in order to perform reception or transmission. The same applies for grant-free/SPS transmissions where in addition to available frequency resources, a network can also configure available time resources. Both options have merits as the former allows a network to operate without UE-group common PDCCH and the latter allows fully dynamic network operation without semi-static UL/DL configurations. For this reason, the UE behavior can be configurable by the network.  
Proposal 5: A UE configured to monitor a UE-group common PDCCH is also configured whether to determine a slot structure based on prior scheduling/configuration or based on the UE-group common PDCCH. 

3 Conclusions

This contribution considered operational aspects for UE-group common PDCCH and proposes the following. 
Proposal 1: The UE-group common PDCCH conveys a CRC-protected DCI format and is transmitted on the first OFDM symbol using transmission antenna diversity.  

Proposal 2: In addition to ‘DL’ and ‘UL’, UE-group common PDCCH conveys blank and reserved resources. 

Proposal 3: UE-group common PDCCH conveys a “DL control resource set duration” indicator using 2 bits. 

Proposal 4: A network can configure all UE-group common control information necessary for a (scheduled) UE to transmit or receive to be transmitted either in the UE-group common PDCCH or in UE-specific PDCCHs. 

Proposal 5: A UE configured to monitor a UE-group common PDCCH is also configured whether to determine a slot structure based on prior scheduling/configuration or based on the UE-group common PDCCH. 

In addition, the following observation is made. 
Observation 1: Existing HW capabilities allow decoding and processing of a UE-group common DCI format to obtain an indication of the DL control set duration in substantially less than 1 symbol even for the largest SCS values. 
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