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1 Introduction

In RAN1 NR Ad-hoc#1 meeting, discussions on common PDCCH were held, and the following is agreed. 

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
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.
In this contribution, we discuss on UE behavior for the group common PDCCH.
2 Discussions 
As discussed below, to allow flexibility without sacrificing UE performance, semi-static resources which cannot be altered by GC PDCCH and more flexible resources which can be activated or deactivated by GC PDCCH can be considered. If this is supported, UE behaviour needs to be clarified. 
Furthermore, it is necessary to consider the UE behaviour in the condition when UE misses the GC PDCCH. Basically, GC PDCCH can indicate the slot format and if UE does not receive the GC PDCCH, UE cannot know the proper slot format and also cannot determined what operations should be done. On the other hand, when UE receives GC PDCCH properly but also the dynamic scheduling is delivered, UE has to choose what information should be prioritized in this case. 
For these perspective, we discuss further details in below. 
UE operations with the periodic resource configuration

From the perspectives of low power consumption and flexibility, it is generally targeted to avoid always on or periodic transmission. However, some periodic resources, for example SS block, CSI-RS, Wideband RS, PRACH and SPS, are essential to guarantee the UE performance. Although these periodic resources configured semi-statically need to be ensured, also the flexibility can be required to increase the resource efficiency. Regarding relationship between semi-static resources and GC PDCCH, three approaches can be considered as follows,
· UE can always follows the semi-static configuration for the periodic resources. This means that GC PDCCH cannot change the resource type against semi-static configuration. This approach will guarantee the UE performance, and simplify fallback operation. 

· UE can be granted by GC PDCCH whether UE follows semi-static configurations or not. In this approach, the semi-static configurations are considered as “potential” candidates of semi-static resources, and GC PDCCH can decide the type of resources. If GC PDCCH is not enabled, potential candidates can be assumed to be activated. This approach can allow the network flexibility, but it also requires high overhead of transmitting grant even the slot format is not changed from the semi-statically configured fallback configuration. 
· The semi-static resources are configured to satisfy the minimum requirement, and GC PDCCH can configure the additional periodic resources. This approach is the combination of the first and second approaches. The additional resources are configured as potential candidates and GC PDCCH can activate these resources to enhance UE performance for such as measurement. With this approach, sufficient opportunities for periodic resources are guaranteed for minimum requirement whereas additional semi-static resources can be utilized on-demands. 
The third option may proper to provide the one of the GC PDDCH necessities. To put it another way, the semi-static resources can be configured into two groups. The first group is to satisfy the minimum requirement for the UE communication and follows the first option that it cannot be changed under any circumstances. The second group follows the second option that it is activated by GC PDCCH.
Proposal 1: It is allowed that group common PDCCH can override semi-statically configured resources at least partially. Further consider different semi-static configuration which has different priority over group common PDCCH e.g., guaranteed resource and flexible resource. 
UE operation according to the slot format indication
In the [1], it is considered what contents is appropriate to indicate the slot format by the GC PDCCH. The GC PDCCH can notice the slot format to UEs, and UE may operate according to the indication. 
According to the slot format indication, UE chooses transmission or reception operation, and if UE loses slot format indication, UE has to determine how to perform. We can consider the UE’s fall back operations as follows,
· UE can assume that UE don’t know the slot format when UE misses the slot format indication, and starts to find slot format related information. 

If the UE operates according to the default format or latest format, some problems may come up. In the case of that the indented slot format is U but UE considers as D, it may not be an issue, because UE will expect the downlink and ready to receive signal. And if UE is scheduled via UL grant to transmit uplink, it also be fine. However, in the opposite case that the indented slot format is D but UE considers as U, the problem can be occurred. When UE needs to transmit periodic SRS or uplink signal in the grant-free slot and if semi-static resource can be overridden by slot format indication, UE cannot sure to transmit signal. In the case of that semi-static resource is not overridden by slot format indication, UE already knows where the periodic resources are transmitted in, thus it is not issue to UE to transmit the signal.. 
Proposal 2: UE can assume the slot format is not defined when UE does not detect the slot format indication.
UE operation according to the GP configurations

As discussed below, UE can receive the GC PDCCH and UE-specific scheduling regarding GP. In this case, UE should decide to prioritize between two GP related information. It could be better to follow UE-specific scheduling because GP is needed to avoid interference between downlink and uplink signals, and it is hard to see that all UEs have same GP. UE can infer the more UE-specific GP from the scheduling information.
UE-specific GP configuration
In unpaired spectrum where uplink and downlink are used in a TDM manner, unless some other enhancements are assumed, it is generally assumed that a network may operate either downlink or uplink at one time regardless of numerologies used. In LTE, cell-specific GP length is configured to all UEs. This, however, can be very inefficient in NR framework. For example, if GP length is configured as 2 OS based on 15 kHz numerology, it becomes 8 OS on 60 kHz regardless of actually necessary GP length of UEs utilizing 60 kHz. Given different propagation delays, different numerologies, and different QoS requirements, it is therefore natural to consider UE-specific GP configuration in NR rather than assuming cell-specific UE-common GP configuration. To support this, maximum GP supported by the network needs to be informed to UEs (as UEs requiring more GPs than the network can support need handling) and UE-specific GPs should be able to be decided/informed. 

Proposal 3: NR supports UE-specific GP configuration. 

UE operations with the GP
As agreed, if slot format indication is given, a UE can determine downlink, uplink, and others from the indication. Though detailed contents on slot format indication (e.g., indication of one of predefined slot patterns, bitmap of downlink and uplink, length of DwPTS and UpPTS) need further consideration, to properly design slot format indication, clarification on different GP length handling seems necessary. 
In signaling downlink portion and uplink portion from a GC PDCCH, overall we can consider two approaches. First approach is to indicate best case for downlink and uplink portion. In other words, downlink and uplink portions are indicated according to the smallest GP that the network supports. If this approach is used, a UE with larger GP length needs to determine where to put extra required GP based on the indicated slot structure. Second approach is to indicate worst case for downlink and uplink portion where downlink and uplink portions are indicated based on the largest GP that the network supports. If this is used, separate mechanisms to utilize “others” indicated by slot indication can be used for downlink or uplink for UEs with smaller GP.  When different approach is used, it is also necessary to determine where to put GP for UEs having different GP length indicated by slot format. One approach is to assume that GP is placed always “after” ending of downlink portion. If this is used, if slot format is DL only, and the next slot is UL only, GP can be placed at the beginning of UL slot. When minimum GP is indicated by slot format indication, UEs with larger GP can place extra GP by reducing uplink portion. Another approach is to assume that GP is placed always “before” starting of uplink portion. If this is used, if slot format is DL only and the next slot is UL only, GP can be placed at the DL slot. When minimum GP is indicated by slot format indication, UEs with larger GP can place extra GP by reducing downlink portion. Alternatively, GP can be created by dynamic scheduling only. For example, a UE can create GP between end of downlink reception (e.g., end of control channel or end of downlink data or end of measurement) and start of uplink transmission. This however may complicate UE operation unnecessarily. Thus, our preference is to determine either end of downlink or beginning of uplink, GP is inserted. 

Proposal 4: It is necessary to decide whether group common PDCCH indicates slot structure assuming best or worst GP cases supported by the network. 

Proposal 5: GP is created by a UE either after downlink or before uplink portion. 
A UE can received the information of DwPTS, UpPTS, GP, reserved resource and slot format. This indication can be delivered periodic or aperiodic, and this indication may accepted by UE or should applied by network. The common PDCCH or UE-specific control signal can indicate this information of the slot format. The indication from the GC PDCCH could be a control signal for the UE group or the UEs in the cell, and the UE-specific control signal can indicate the appropriate slot format for such UE.

The GP can be defined according to the end position of DwPTS and the start position of UpPTS. GP is positioned behind the DwPTS and the end position of DwPTS which can be indicated by the common PDCCH. UE is able to be known the GP size and the start position based on the indicated DwPTS position and the known UpPTS or the common PDCCH indicates the information of the GP. And also GP can be located in front of the UpPTS start position. There are no limits for the size or position of the GP. The GP can be exist within a slot or across slots, and in the case of the GP across slots, it can be assumed that the DL slot and UL slot are contiguous.

3 Conclusion 
In this contribution, we discuss on UE behaviour for the group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: It is allowed that group common PDCCH can override semi-statically configured resources at least partially. Further consider different semi-static configuration which has different priority over group common PDCCH e.g., guaranteed resource and flexible resource. 
Proposal 2: UE can assume the slot format is not defined when UE does not detect the slot format indication.
Proposal 3: NR supports UE-specific GP configuration. 
Proposal 4: It is necessary to decide whether common PDCCH indicates slot structure assuming best or worst GP cases supported by the network. 

Proposal 5: GP is created by a UE either after downlink or before uplink portion. 
4 Conclusion 
[1] R1-170xxxx, Discussion on the contents and the signalling of group common PDCCH, LG Electronics, RAN1#89, May. 2017

6/6


