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1   Introduction
In RAN1-NR-AH#2, and RAN1#89, the following characteristics were agreed regarding group-common PDCCH:

RAN1-NR-AH#2 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:
· UE is configured with a CORESET to monitor group-common PDCCH.

· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.

· A group-common PDCCH is formed by an integer number of CCEs.

· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.

RAN1#89 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
Further, in NR SI, RAN1 concluded with the following characteristics for group common PDCCH:
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 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 RAN1#88bis and RAN1#89, agreements were made regarding higher layer signalling for the semi-static assignment of DL/UL transmission direction and periodicity with fixed DL resources, fixed UL resources, reserved/blank/other resources, and flexible resources where transmission direction can be changed dynamically. 
In this document, we further discuss our views on content, structure, and UE behavior for the group-common control channel.
2 Contents
2.1 Control resource set duration

In addition to the ‘slot format related information’ that should be sent on the common control channel, RAN1 also discussed in SI whether ‘control resource set duration’ should be included. 

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.

To determine whether such signalling has to be included, the below aspects can be considered.

In a given slot, the gNB can transmit multiple control resource sets, the control resource sets can be for the same UE or different groups of UEs. If control resource set duration is included in group common signalling, it would be suitable to have a single duration for all control resource sets transmitted in the slot. However, RAN1 has agreed in RAN1#89 that the duration of the control resource set is configurable per resource set for a UE and thus the duration of different control resource sets transmitted in a slot can be different. While the UE is generally expected to be configured with same number of OFDM symbols for all control resource sets configured for the UE, the signalling flexibility is useful if the numerology used for different sets is not the same. 
If multiple control resource set durations have to be supported in a slot, the signalling design to include the duration in group common signalling becomes complicated. One option is to signal multiple durations (e.g. one for each control resource set or a group of sets) as part of the payload of a single common channel. However, the number of control resource sets in the slot can vary semi-statically and this would require either semi-static reconfiguration of group common channel (whenever control resource sets associated with it are added/removed) or the payload for signalling dimensioned for the worst case number of sets. Another option is to send multiple common control channels, each corresponding to a control resource set or a group of sets. For this case, it is not clear whether other contents of the common channel that have a more ‘common characteristic’ than control resource set duration(s) (e.g., slot structure) are repeated in each group common channel or whether they are sent in a separate channel.  Both alternatives require extra overhead with the latter alternative increasing the number of channels that the UE has to decode to process the slot.
Observation 1: Indicating duration of control resource set(s) in the common control channel complicates the common channel design if the duration of all control resource sets in a slot is not same.
In January Spokane RAN1 Adhoc, UE power consumption reduction by reducing the average number of control channel blind decodes was discussed as a possible motivation for indicating control resource set duration in the group common channel [2]. 
While several other details of control channel structure such as search space and BD handling are currently under discussion in RAN1, it is generally expected that UE is expected to perform blind decodes in multiple OFDM symbols, when the control resource set spans multiple OFDM symbols, for example, if a total of M (e.g. M=6) BDs are provisioned for the UE for a given aggregation level L (e.g. L=2), then the BD provisioning can depend on the span of control resource set (e.g. n=1,2,3) using one of the following two approaches
· Approach A: UE is configured with m1=2 BDs when n=1 is used; (m1=2)+(m2=2)= 4BDs when n=2 is used; and ; (m1=2)+(m2=2)+(m3=2)= 6BDs when n=3 is used, where mk is the number of BDs in kth symbol.

· Approach B: UE is configured with m1=6 BDs when n=1 is used; (m1=3)+(m2=3)= 6BDs when n=2 is used; and ; (m1=2)+(m2=2)+(m3=2)= 6BDs when n=3 is used.

While it may appear that Approach A can reduce average BDs, the impact of smaller m1 on overall blocking performance should also be considered. Figure 1, shows an example numerical evaluation assuming a total NCCEs=12, L=2, and Rel8 type search space where starting indices of each candidate are placed on an aggregation level based grid. The figure studies the impact of m1(#BDs in 1st symbol) on blocking. When m1=2 is used, there is no blocking after scheduling 1PDCCH (i.e., a 2nd PDCCH can always be scheduled in the 1st OFDM symbol), but probability of blocking increases as more PDCCHs need to be scheduled. As shown in the figure, there is 10% chance of blocking when a 3rd PDCCH is attempted to be scheduled, and >50% chance of blocking when a 5th PDCCH is attempted to be scheduled. This would imply that the network is forced increase the control span (e.g. move to n=2) more often when a smaller m1 value is used (e.g. 50% of time when scheduling more than 4 PDCCHs, if m1=2 is used). However, when a larger value of m1 is used (e.g. m1=6 as described in Approach B), up to 6 PDCCHs can be scheduled without any blocking and the network is not forced to use a larger value of n. Increasing the control span (n) due to blocking results in inefficient use DL resources and also would make the UEs wake up for more symbols. 
Considering the above aspects, we believe that limiting the number of per OFDM symbol blind decodes (e.g. as in Approach A) does not necessarily result in a UE power consumption reduction, and in fact it may increase UE power consumption.
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Figure 1 – Control channel blocking comparison

Observation 2a: Depending on how the BDs are partitioned, indicating duration of control resource set(s) may or may not reduce average UE blind decodes (BDs).  
Observation 2b: If the BDs are partitioned to reduce average UE blind decodes (BDs) per OFDM symbol , blocking of control channel candidates is increased. As a result, such partitioning does not necessarily reduce UE power consumption, and can potentially result in increased UE power consumption.
Proposal 1: ‘control resource set duration(s)’is not indicated in the group common control channel.

2.2 Data starting position for PDSCH
In the January Spokane adhoc meeting, RAN1 also discussed the possibility of signalling ‘data starting position for PDSCH’ in the common control channel. However, similar considerations leading to observation 1 apply for ‘data starting position for PDSCH’ and we prefer to use UE specific DCI for indicating this parameter.
Observation 3: Indicating ‘data starting position for PDSCH’ in the common control channel also complicates the common channel design if the duration of all control resource sets in a slot is not same.
Proposal 2: ‘data starting position for PDSCH’ is indicated in UE-specific DCI and is not indicated in group common control channel.
3   Structure

It has been agreed that the channel used for the group-common control is formed by an integer number of CCEs.. thereby reusing the PDCCH structure and minimizing the number of channels defined in NR. As the control is group-common, the physical resource mapping can be fixed to be with distributed/interleaved REG bundles in a common control resource set. 

Proposal 3: Group common control channel uses the distributed/interleaved REG-to-CCE physical resource mapping.
4 Monitoring Occasions

On monitoring occasions for group common control channel, depending on the agreed contents (e.g., contents that can change more frequently or valid for a shorter time duration such as common pre-emption indication), it may be useful for the UE be configured to monitor the group common control channel more than once per slot. Thus, the decision of how frequent the group control channel is monitored should be made once the contents of the group common control channel have been finalized.  

Proposal 4: Decision on the monitoring occasions for group common control channel should be made after its contents have been finalized.
5 UE behaviour

In RAN1#88bis and RAN1#89 meeting, RAN1 agreed to higher layer signaling for the semi-static assignment of DL/UL transmission direction with fixed DL resources, fixed UL resources, other/reserved/blank resources, and flexible resources where transmission direction can be changed dynamically. For a slot, at least for the symbols that have a fixed DL/UL transmission direction according to the semi-static DL/UL resource partition, it may be beneficial for UE to assume the same transmission direction configuration is also indicated in the ‘slot format related information’ on the group-common control channel (if the UE is configured to decode the decode the group common control channel). Such UE behavior can be used to validate the contents of the common control channel. In case the UE does not receive the group common control channel, the UE should assume the semi-static assignment for at least the symbols with fixed DL/UL transmission within the slot. The UE should also be allowed to assume the implicit transmission direction contents in the UE-specific DCI such as ‘data starting position for PDSCH/PUSCH’, ‘PDSCH/PUSCH duration’ is consistent with the semi-static DL/UL transmission direction configuration and the slot format related information on the group-common control channel.
Observation 4: It is beneficial for the UE to assume consistency among the semi-static fixed DL/UL resources, slot format related information on the common control channel, and transmission direction information in the UE-specific DCI. 
Proposal 5: UE may assume the same transmission direction configuration for fixed DL/UL resources is indicated in the semi-static direction assignment, and slot format related information on the group-common control channel and any transmission direction information in the UE-specific DCI.

6   Conclusions

In this document, we discuss the need for signalling additional parameters in the common control channel and make the following observations and proposals: 
· Observation 1: Indicating duration of control resource set(s) in the common control channel complicates the common channel design, if the duration of all control resource sets in a slot is not same.
· Observation 2:
·  Depending on how the BDs are partitioned, indicating duration of control resource set(s) may or may not reduce average UE blind decodes (BDs).  
· If the BDs are partitioned to reduce average UE blind decodes (BDs) per OFDM symbol
, blocking of control channel candidates is increased. 
· As a result, such partitioning does not necessarily reduce UE power consumption, and can potentially result in increased UE power consumption.

· Observation 3: Indicating ‘data starting position for PDSCH’ in the common control channel also complicates the common channel design if the duration of all control resource sets in a slot is not same.
· Observation 4: It is beneficial for the UE to assume consistency among the semi-static fixed DL/UL resources, slot format related information on the common control channel, and transmission direction information in the UE-specific DCI.
· Proposal 1: ‘control resource set duration(s)’is not indicated in the group common control channel.

· Proposal 2: ‘data starting position for PDSCH’ is indicated in UE-specific DCI and is not indicated in group common control channel.
· Proposal 3: Group common control channel uses the distributed/interleaved REG-to-CCE physical resource mapping.
· Proposal 4: Decision on the monitoring occasions for group common control channel should be made after its contents have been finalized.

· Proposal 5: UE may assume the same transmission direction configuration for fixed DL/UL resources is indicated in the semi-static direction assignment, and slot format related information on the group-common control channel and any transmission direction information in the UE-specific DCI.
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� One example of BD partitioning to reduce average UE blind decodes (BDs) per OFDM symbol is shown in Approach A described in Section 2.
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