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1. Introduction
At the RAN1#Jan Ad-hoc meeting, the following agreements were achieved for ‘group common PDCCH’ [1]:
	Agreements at RAN1 #NR AH meeting:
· 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 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

· 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.


In this contribution, our views on the contents of group common PDCCH are provided. Note that our views on possible structure of ‘group common PDCCH’ are presented in [2].

2. Discussion
2.1. Potential contents of ‘group common PDCCH’
In this section, potential contents of ‘group common PDCCH’ are discussed. We envision that the potential contents can be classified into two categories:
· Category 1: Non-critical information to receive PDSCH or to transmit PUSCH
· Category 2: Critical information to receive PDSCH or to transmit PUSCH
2.1.1	Category 1: Non-critical information to receive PDSCH or to transmit PUSCH
PDCCH monitoring indication
Similar to PCFICH in LTE, the ‘group common PDCCH’ can be used to indicate the size of a control resource set or search space related information. One of the problem in LTE control channel design raised so far is that the PDCCH structure/mapping is fully depending on PCFICH value. Once a UE misses PCFICH, the UE cannot decode PDCCH in the subframe at all. Once the eNB changes the value of CFI, all the PDCCHs in the subframe need to be re-mapped. Such PCFICH-dependency should be avoided for NR. 
One potential solution is to map PDCCH candidates such that the mapping/interleaving is not dependent on the end position of the control resource set, and the ‘group common PDCCH’ tells the UE whether it is allowed to skip monitoring the subset of PDCCH candidates. gNB can map the PDCCH on the candidate where the UE monitors irrespective of whether the UE detects the ‘group common PDCCH’. If the UE can detect the ‘group common PDCCH’, the UE can skip some blind decodes of PDCCH candidates (see Fig. 1 (b)), which saves energy consumption. If not, UE continues full blind decodes (see Fig. 1 (a)), in which case energy saving effect is not available, while it can still detect the PDCCH. The information in the group common PDCCH can be used so that PDCCH monitoring for a certain configuration is completely de-activated (see Fig. 1 (c)).
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(a) Missed group common PDCCH	                       (b) Detected group common PDCCH
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(c) When the group common PDCCH completely de-activate the PDCCH monitoring.
Fig. 1	PDCCH monitoring depending on the detection/miss-detection of group common PDCCH.

Slot format related information
This can be information for non-scheduled UE when dynamic TDD is carried out. In case of dynamic TDD, UE specific DCI schedules DL reception or UL transmission for the UE on the flexible resource. With the slot format related information, non-scheduled UEs can know whether the given slot (or resource) is UL or DL. Assuming that periodic CSI-RS is configured to a non-scheduled UE, the slot where CSI-RS is configured is monitored by the UE periodically. However, if the ‘group common PDCCH’ tells the UE whether the slot usage is changed for uplink transmission, the UE can abort measuring the CSI-RS in the slot as shown in Fig. 2. As such, dynamic DL/UL indication is beneficial to let non-scheduled UEs know whether the UEs shall measure CSI-RS in the slot. UE may assume that CSI-RS is not transmitted if the slot is informed as a UL-centric slot. According to the same logic, dynamic DL/UL indication is beneficial for SRS as shown in Fig.3.
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Fig.2 Collision between UL data and CSI-RS in dynamic TDD
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Fig.3 Collision between DL data and SRS in dynamic TDD

Aperiodic CSI-RS/SRS assignment
Dynamic indication of CSI-RS and SRS may be beneficial to measure a quality of the serving link and a power of the inter-cell/cross link interference signals flexibly. This information can be included in UE-specific DCI for scheduled UEs, but it can be included in common PDCCH for non-scheduled UEs. In addition, it can be used as a complementary solution to the issues of collision between CRS-RS/SRS and data channel such as Figs.2 and 3.
2.1.2	Category 2: Critical information to receive PDSCH or to transmit PUSCH

Starting position and duration of data
As discussed at RAN1# NR AH meeting, the ‘group common PDCCH’ can be used to indicate the staring position and duration of DL/UL data in a slot.
For the UE scheduled with DL/UL data in a given slot, there is a scheduling DCI in case of self-slot scheduling. Therefore, the starting position of DL/UL data can be UE-specifically indicated by the scheduling DCI. In case of cross-slot scheduling, it could be beneficial to use the ‘group common PDCCH’ to indicate the starting position of DL/UL data since the scheduling DCI and the scheduled DL data are in different slots. As shown in Fig.4, when the scheduling DCI is in the slot n while the scheduled data is in the slot n+k, the starting position of DL/UL data in the slot n+k can be indicated by the ‘group common PDCCH’ in the slot n+k. Alternatively, it should also be possible to determine the DL/UL data starting position by higher-layer signaling, in which case the UE is not required to acquire the information from the ‘group common PDCCH’.
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Fig.4 Example of DL data starting position indication for cross-slot scheduling

Puncturing indication
There is an on-going discussion on whether a puncturing indication for eMBB and URLLC multiplexing for downlink is UE-common or UE-specific. For downlink, the puncturing is carried out by the gNB. Therefore, at least for eMBB self-slot scheduling, the puncturing indication can be UE-specific signaling. However, for cross-slot scheduling, it is possible that the gNB determines puncturing after scheduling the DL data in cross-slot manner. In such case, puncturing may need to be informed without using UE-specific DCI.
Besides eMBB puncturing for downlink transmission, the indication could be useful for other purposes, such as:
· Puncturing indication for eMBB and URLLC multiplexing for uplink
· To avoid cross link interference for some important signals, e.g. CSI-RS (Fig.5(a))
· To measure cross link interference accurately (Fig.5(b))
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(a) for protecting CSI-RS	(b) for correct measurement
Fig.5 Examples of dynamic puncturing indication

2.2. Discussion
Based on the above discussion, the potential contents in group common PDCCH can be classified into two categories:
· Category 1: Non-critical information to receive PDSCH or to transmit PUSCH
· PDCCH monitoring indication
· Slot-format related information
· Aperiodic CSI-RS/SRS assignment
· Category 2: Critical information to receive PDSCH or to transmit PUSCH
· Starting position and duration of data 
· Puncturing indication
At RAN1#Jan Ad hoc meeting, it was agreed that group common PDCCH miss detection does not impact on PDCCH monitoring, however, it has not been agreed yet whether or not it will impact on PDSCH reception or PUSCH transmission.
[bookmark: _GoBack]Therefore, to determine the contents in group common PDCCH, two possible approaches can be considered. One possible approach is that group common PDCCH is not allowed to deliver necessary information for PDSCH reception or PUSCH transmission (i.e., Category 2 are not allowed). In this case, group common PDCCH is used to deliver some useful information for the non-scheduled UEs, e.g., PDCCH monitoring indication, slot-format related information, aperiodic CSI-RS/SRS assignment, etc. However, for scheduled UEs, all necessary information related to scheduling is delivered in the UE-specific PDCCH scheduling PDSCH/PUSCH. In case of duplicate indication by group common PDCCH and UE-specific PDCCH, the UE shall follow the information delivered by the UE-specific PDCCH. Otherwise, the miss detection of group common PDCCH will be harmful. 
Another approach is that group common PDCCH is allowed to deliver necessary information for PDSCH reception or PUSCH transmission. In this case, group common PDCCH delivers some necessary information for scheduled UEs, e.g., starting position and duration of DL/UL data, puncturing indication, etc. This means that some necessary information common among UEs can be carried by the group common PDCCH, which realizes DL control overhead saving. On the other hand, the UE needs to detect both group common PDCCH and UE-specific PDCCH to receive PDSCH/transmit PUSCH. In this case, miss detection of group common PDCCH would be harmful. Taking Fig.5 (a) as an example, when a puncture indication is included in the group common PDCCH, if it is miss detected, then UE with PUSCH transmission cannot know the corresponding resource is punctured, then UE will transmit PUSCH on punctured resource. However, the puncturing was indicated by the gNB so that it can schedule data of other UE in the resource; at the receiving side, intended data and unintended data are collided, and hence the gNB cannot decode both of them. 
We believe that the contents included in the ‘group common PDCCH’ should be configurable per each parameter. NW should be able to decide parameters in the ‘group common PDCCH’ depending on the use-cases/scenarios of the operation. With this configurability, NW can ensure fail-safe type of operation (not using parameters in the Category 2) or overhead saving type of operation (using parameters in the Category 2). 
· Proposal 1:
· Any set of information delivered by the group common PDCCH is configured by higher-layer.

For indication of starting position and duration of data, although miss detection of group common PDCCH may results in failure of PDSCH reception/PUSCH transmission, when considering cross-slot/multi-slot scheduling, it is beneficial to indicate the starting position and duration of DL/UL data in group common PDCCH as discussed above. For puncturing indication, we propose that the indication for downlink should be per CBG basis [4]. Since CBG construction is per TB and per UE, it cannot be indicated by the group-common PDCCH. For uplink, it should be FFS.
· Proposal 2:
· FFS whether the puncturing indication for uplink can be carried by the group common PDCCH.

3. Conclusion
In this contribution, we discussed the potential contents of group common PDCCH. And our proposals are summarized below.
· Proposal 1:
· Any set of information delivered by the group common PDCCH is configured by higher-layer.

· Proposal 2:
· FFS whether the puncturing indication for uplink can be carried by the group common PDCCH.
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