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Introduction
During the NR study item (SI) phase, RAN1 agreed to introduce a group-common control channel that provides at least slot-format related information. In more detail, the current agreements from the SI are as follows:
Agreements from NR SI:
· 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 signaling 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.

Based on these agreements, this contribution discusses the open design aspects for supporting a group-common control channel in NR.
Group-common control channel structure
An important issue to settle early on is what kind of channel would be used for conveying group-common DL control information. Two obvious solutions are to either introduce a dedicated channel, or reuse the NR-PDCCH. If a new physical channel is introduced it could still be mapped to a DL control resource set, taking up resources that could have been used for transmitting a NR-PDCCH. In addition, if the number of REs assigned to the group-common control is on the order of one or more CCEs, it is practically equivalent to a NR-PDCCH candidate. Therefore, it is simpler from both implementation and specification perspectives, if the group-common DCI is processed and transmitted like other DCI on a NR-PDCCH. Note that the group-common DCI as used here, differs from other group-common control that may be introduced in NR such as for group power control commands (similar to LTE DCI formats 3/3A).
Proposal 1: Group-common control information is transmitted on a NR-PDCCH

Following this approach the group-common control information could be defined in a unique and very compact DCI format. Such a compact DCI format also facilitates employing a very low coding rate targeting reliable reception at cell edge users. A group-common ID may be used to detect the NR-PDCCH containing the group-common DCI.
Proposal 2: A unique and compact DCI format is specified for group-common control information targeting reliable reception at cell edge users.

The group-common DCI can either be mapped to a fixed position in a group-common control resource set, or to one of a set of candidate locations defined by a group-common search space. There is a tradeoff between these two alternatives. A fixed location, particularly in the first symbol of a slot, would enable fast decoding of the group-common PDCCH, which is beneficial when the DCI contained therein is valid for the same slot. Secondly, it avoids a further increase in blind decodes depending on the final design of DCI sizes. On the other hand, supporting a set of candidates in a search space avoids restrictions in scheduling other NR-PDCCHs in the same control resource set.
Proposal 3: Further study is recommended on the location of the group-common PDCCH between a fixed location and a set of candidates defined by a common search space.

 
Monitoring instances and UE behavior for presence/absence of group-common PDCCH
The group-common PDCCH may be critical in some deployment scenarios. For instance, supporting an NR carrier in some LTE TDD bands may require that the NR cell follow coexistence guidelines when it comes to transmission directions. In addition the slot format may also facilitate accurate channel and interference measurements in a dynamic TDD system.  Thus, it is preferable that a UE is configured to periodically monitor for the group-common PDCCH. 

Proposal 4: a UE is configured to periodically monitor for group-common control channel conveying slot format related information. 

An open issue is the UE behavior when the group-common PDCCH is not received in a slot. Possible scenarios are that the group-common PDCCH was not configured, not transmitted, or the UE failed to detect it. Since it can only be transmitted in DL-only or bi-directional slots it should be possible for the group-common PDCCH to signal slot format related information for future slots including UL-only slots. The UE may follow the slot structure(s) indicated by a detected group-common PDCCH except instructed otherwise by a DCI scheduling DL or UL data. For purposes of channel and interference measurements it may be beneficial in some scenarios if a UE may assume that slot format related information received in a group-common PDCCH is valid until the next occasion for a group-common PDCCH. 

It is not desirable for the group-common PDCCH to be control resource set specific as this would mean that a UE monitors for multiple instances of the group common PDCCH in a slot. A single instance should be sufficient to provide slot or multi-slot related information.


Proposal 5:
· A group-common PDCCH may indicate slot format related information for the current and future slots.
· When configured to monitor for the group-common PDCCH in a slot, at least for acquiring slot format related information, a UE monitors for a single group-common PDCCH transmission.

Considering DRX operation, a UE should not be required to monitor the group common PDCCH during the DRX period of a DRX cycle. In the first slot where a UE wakes up, the slot structure indication may not be available. The UE may monitor for the group common PDCCH at the next reception opportunity when the UE is configured by the gNB to detect the group common PDCCH. 
Proposal 6: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.

Contents of the group-common DCI 
In this section we discuss other possible contents of the group-common DCI. It was proposed to indicate the starting position of data in the group-common DCI. This is not necessary since it was agreed that a UE should be able to detect a NR-PDCCH without first detecting a group-common PDCCH. 

A second possible information field is dynamic indication of the duration of the control resource set. This indication may potentially reduce the average number of blind decodes performed by a UE in the same slot. On the other hand the proposed savings in terms of UE power consumption are unclear. Several issues were discussed in [1] and are summarized here.

1) Firstly, the reduction in average decoding effort depends on the search space design and the CCE-to-REG mapping. Figure 1 depicts a control resource set with N CCEs and 4 REGs per CCE.  For frequency-first mapping as shown in Figure 1(b), dynamically indicating the actual duration of the control resource set may allow a UE to skip some blind decodes at least in a UESS. On the other hand for time-first mapping as shown in Figure 1(a), the control resource set duration is always fixed based on the RRC configuration and no reduction in blind decodes is possible based on the control resource set duration.



[bookmark: _Ref473753263]Figure 1 CCE-to-REG mapping options in a control resource set (a) Time-first and (b) Frequency-first

2) The group-common PDCCH may have to be transmitted in each configured control resource set if it contains an indication of the duration of the same control resource set. This could be a significant overhead from the network perspective depending on the number of control resource sets configured for both slot and mini-slot-based data transmission. A more efficient approach is that the information contained in a group-common PDCCH is slot-specific and not control resource set specific.
3) In contrast to signaling slot format information, which may be valid for current and future slots, dynamic indication of the control resource set duration is only valid for the current slot. Therefore, if the transmission of the group-common PDCCH is periodic with a long duty cycle, the actual savings in UE power consumption may be negligible. 

Proposal 7: 
· The group-common DCI does not contain an indication of data starting position in a slot.
· The group-common DCI does not dynamically signal the duration of a control resource set.

Dynamic TDD configuration
NR may support several slot types, namely, DL-only, UL-only, bi-directional and guard-only slots. In a bi-directional slot, both DL and UL symbols can be transmitted separated by a switching gap period. For eMBB, there should be only one DL/UL switching within a bi-directional slot. For URLLC, one or more DL/UL switching points within a slot may be considered depending on the slot length and the latency target. In a bi-directional slot, flexible DL/GP/UL partitioning should be specified to allow dynamic adaptation to multiple factors, such as DL/UL traffic variation and the corresponding latency requirements, UL coverage, strength of cross-link interference, etc. In addition, it was agreed at the RAN1 NR_AH1 meeting that NR should support efficient adjacent channel co-existence with all LTE-TDD special subframe configurations, which also requires dynamic reconfiguration of DL/GP/UL partitioning for bi-directional slots. 
Proposal 8: In a bi-directional slot, dynamic signaling of the DL/GP/UL partition should be specified. 
There are different scenarios in which to signal a dynamic DL/UL reconfiguration through the group common PDCCH, 
· Option 1: A group common PDCCH dynamically signals the DL/UL configuration of the current slot, as shown in Figure 2
· Option 2: A group common PDCCH dynamically signals the DL/UL configuration of the next slot, as shown in Figure 3
· Option 3: A group common PDCCH dynamically signals the DL configuration of current slot, and a group common PDCCH is used to indicate the dynamic UL reconfiguration of next slot, as shown in Figure 4
For Option 1, the UE cannot identify an UL only slot since no group common PDCCH can be transmitted in the front of a UL only slot. Thus, grant-free UL transmission cannot be applied to such an UL-only slot. For grant-based UL transmission (non-self contained case), the UL grant can indicate the UL duration of the scheduled slot, in order to prepare UL data rate-matching corresponding to a full UL slot or a bi-directional slot. From the UE perspective, it should be discussed whether indication of slot structure in current slot can provide enough time for UE processing, e.g. DL channel/interference measurement or UL data preparation. 
For Option 2, the UE is informed about the structure of future slots, so that more processing time is available at the UE. Hence, the UE is able to prepare for UL data transmission according to the indicated slot structure. Compared to Option 1, there is no issue with both grant free and grant-based UL transmission and UL-only slot. However, in a first slot where a UE wakes up from DRX, UL grant free transmission cannot be applied since the UE does not know the structure of the current slot. For DL transmission, UE should monitor front-loaded PDCCH for DL grants. However, since the slot structure indication is not available due to DRX, the duration of DL part is not known. Therefore UE would have problem with decoding PDSCH correctly, unless data duration is provided by the DL grant.  
Option 3 is a hybrid of Options 1 and 2 allowing both DL and UL transmissions in a first slot in which a UE wakes up from DRX. The separate indication for DL and UL can be transmitted in the same group common PDCCH with separate fields.


[bookmark: _Ref477385780]Figure 2 L1 configuration information indicates the current slot structure



[bookmark: _Ref477385793]Figure 3 L1 configuration information indicates the next slot structure



[bookmark: _Ref477385802]Figure 4  Separate indication of DL and UL
Proposal 9: For a given slot, separate indication of DL and UL region could be considered for group common PDCCH, where the DL region is indicated in the current slot and UL region is indicated in a previous slot. 
 
Conclusion
This contribution discussed the structure, monitoring and contents of the group-common PDCCH. The proposals contained herein are summarized as follows
· Proposal 1: Group-common control information is transmitted on a NR-PDCCH 
· Proposal 2: A unique and compact DCI format is specified for group-common control information targeting reliable reception at cell edge users.
· Proposal 3: Further study is recommended on the location of the group-common PDCCH between a fixed location and a set of candidates defined by a common search space.
· Proposal 4: a UE is configured to periodically monitor for group-common control channel conveying slot format related information. 
· Proposal 5:
· A group-common PDCCH may indicate slot format relation information for the current and future slots.
· When configured to monitor for the group-common PDCCH in a slot, at least for acquiring slot format related information, a UE monitors for a single group-common PDCCH transmission.
· Proposal 6: A UE is not required to monitor for the group common PDCCH during the DRX period of a DRX cycle.
· Proposal 7:
· The group-common DCI does not contain an indication of data starting position in a slot.
· The group-common DCI does not dynamically signal the duration of a control resource set.
· Proposal 8: In a bi-directional slot, dynamic signaling of the DL/GP/UL partition should be specified. 
· Proposal 9: For a given slot, separate indication of DL and UL region could be considered for group common PDCCH, where the DL region is indicated in the current slot and UL region is indicated in a previous slot. 
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