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1. Introduction
At the last meeting, the following agreements were made for ‘group common PDCCH’ [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



In this contribution, our views on common PDCCH are provided.
2. Discussion
2.1. Common PDCCH design
At the last meeting, it was agreed that NR supports ‘group common PDCCH’. The ‘group common PDCCH’ should be configurable per UE, while carries information intended for a group of configured UEs. The design of ‘group common PDCCH’ has not been clarified yet. One possible design is actual PDCCH monitored by the group of UEs. For NR, it is preferred to minimize broadcast/UE-common channel(s) from forward compatibility viewpoint. For better spectral usage, however, it would still be necessary to support DL control signaling monitorable without UE-specific configuration [2]. Therefore, UE-common (or UE-group common) search space would be necessary for NR PDCCH. The ‘group common PDCCH’ can be delivered as the NR PDCCH in the common search space monitored by the group of UEs. If the ‘group common PDCCH’ is configured as part of the PDCCH monitoring, the UE is required to perform blind decodes of the ‘group common PDCCH’ in every slot or some slots. This may increase the UE power consumption due to blind decoding for common PDCCH.
Another approach is to specify ‘group common PDCCH’ such that it is mapped in some pre-defined or pre-configured resources like PCFICH. The channel structure/design can be different from PDCCH. In this approach, integer number of REG(s) or CCE(s) in every slot or some slots is reserved for the ‘group common PDCCH’. This approach may benefit to suppress increase of UE power consumption since no blind decoding over multiple candidates is necessary. Furthermore, channel structure can be optimized for fast decoding and lower complexity compared to actual PDCCH monitoring. However, excessively large amount of dedicated resources for the ‘group common PDCCH’ is not desirable as it becomes overhead of overall resources. Hence, the amount of information bits transmitted by the ‘group common PDCCH’ should be limited so that the necessary amount of radio resources reserved for the ‘group common PDCCH’ can be minimized. 
In RAN1, RF bandwidth adaptation is considered. Depending on PDCCH monitoring timings, bandwidths for control channel monitoring could vary. The ‘group common PDCCH’ should be able to be monitored even when the RF bandwidth adaptation is enabled. Therefore, the ‘group common PDCCH’ should be mapped within the control resource set monitored by the UE. Exact assignment scheme should be decided considering many aspects, e.g., BLER performance, UE power consumption, channel contents, etc.

Proposal 1: ‘Group common PDCCH’ should be configurable in a control resource set located within the subband bandwidth monitored by UE.

2.2. Potential contents of ‘group common PDCCH’
‘Group common PDCCH’ is useful not only for scheduled UEs but also for non-scheduled UEs. In this section, we provide our views on potential contents of ‘group common PDCCH’.
Starting position of DL data / End of control resource set in a slot
As discussed at the last meeting, the ‘group common PDCCH’ can be used to indicate the staring position of DL data and/or end of control resource set in a slot. 
For the UE scheduled with DL data in a given slot, there is a scheduling DCI in case of self-slot scheduling. Therefore, the starting position of DL 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 data since the scheduling DCI and the scheduled DL data are in different slots. For example, when the scheduling DCI is in the slot n while the scheduled data is in the slot n+k, the starting position of DL 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 data starting position by higher-layer signaling, in which case the UE is not required to monitor the ‘group common PDCCH’.
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 ensure that the PDCCH monitoring is guaranteed even if the UE misses the ‘group common PDCCH’. Such file-safe operation is provided in the next section. 

DL/UL indication for dynamic TDD
This is beneficial for non-scheduled UE when considering dynamic TDD. Non-scheduled UEs can know whether the given slot 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. 1. 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.2.
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Fig.1 Collision between UL data and CSI-RS in dynamic TDD
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Fig.2 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 1and 2.

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.3(a))
· To measure cross link interference accurately (Fig.3(b))
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(a) for protecting CSI-RS	(b) for correct measurement
Fig.3 Examples of dynamic puncturing indication

Deactivation of PDCCH monitoring in a mini-slot
This information is beneficial to reduce the number of PDCCH candidates to be monitored in a mini-slot as shown in Fig.4. The same approach is proposed for LTE shortened-TTI in [3].
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Fig.4 Deactivation of PDCCH candidates in a mini-slot

Observation 1: At lease the following are identified as the possible contents of the ‘group common PDCCH’:
· Starting position of DL data / End of control resource set in a slot
· DL/UL indication for dynamic TDD
· Aperiodic CSI-RS/SRS assignment
· Puncturing indication
· Deactivation of PDCCH candidates in a mini-slot

2.3. Fail-safe mechanism for common PDCCH
It is desirable that UE can conduct blind decoding of UE-specific DCI and data detection even when common PDCCH is not correctly detected. One example is an indication of end of control resource set. If a PDCCH candidate mapping is not changed according to the indication of the end of control resource set by the ‘group common PDCCH’, the UE can perform blind decodes irrespective of whether the UE correctly receive the ‘group common PDCCH’. For example, if all the PDCCH candidates are mapped within each OFDM symbol, blind decoding can be conducted symbol by symbol as shown in Fig. 5 (a). In this case, if end of control resource set is correctly indicated by common PDCCH, some PDCCH candidates can be skipped as in Fig.5 (b). Even when common PDCCH is not correctly detected (or not transmitted), UE can conduct blind decoding of UE-specific DCI and the penalty is only increase of PDCCH candidates. Another example is deactivation indication for PDCCH monitoring in a mini-slot. If the UE monitors PDCCH in a mini-slot unless the ‘group common PDCCH’ deactivates the monitoring, miss detection of the ‘group common PDCCH’ will not be harmful since the UE just continue monitoring PDCCH in the mini-slot.
On the other side, ensuring fail-safe may require special care for some parameters, e.g. downlink data starting position. If the UE misses the signalling, the UE cannot highly likely be fail to decode the downlink data. Therefore, it may be better to include the downlink data starting position indication in the scheduling DCI. Similarly, puncturing indication has also the same concern.
[bookmark: _GoBack]However, at least for some functionalities, the ‘group common PDCCH’ can be made in the fail-safe way. In addition, the parameters included in the ‘group common PDCCH’ should be configurable. NW should be able to decide parameters in the ‘group common PDCCH’ considering the use-cases/scenarios of the operation, whether the fail-safe is essential, etc.

Proposal 2: Strive for fail-safe mechanism for the ‘group common PDCCH’.
Proposal 3: The contents included in the ‘group common PDCCH’ should be configurable.
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(a)  without common PDCCH		(b) with common PDCCH
Fig.5 PDCCH candidates 

3. Conclusion
In this contribution, we discussed the design, potential contents and fail-safe mechanism of common PDCCH. Our observation and proposals are summarized below.
Observation 1: At lease the following are identified as the possible contents of the ‘group common PDCCH’:
· Starting position of DL data / End of control resource set in a slot
· DL/UL indication for dynamic TDD
· Aperiodic CSI-RS/SRS assignment
· Puncturing indication
· Deactivation of PDCCH candidates in a mini-slot

Proposal 1: ‘Group common PDCCH’ should be configurable in a control resource set located within the subband bandwidth monitored by UE.
Proposal 2: Strive for fail-safe mechanism for the ‘group common PDCCH’.
Proposal 3: The contents included in the ‘group common PDCCH’ should be configurable.
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