Page 7
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #89           
R1-1707634 
Hangzhou, China 15rd - 19th May 2017
Agenda Item:
7.1.3.1.5
Source: 
LG Electronics
Title: 
Discussion on the contents and the signaling of group common PDCCH
Document for:
Discussion and decision
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 the contents and the signaling of group common PDCCH.
2 Discussions 
In designing a group common PDCCH for slot format indication, we have to consider the contents of the slot format indication. According to the indication contents, the payload size of the GC PDCCH can be determined and the payload size may affect the GC PDCCH structure and signaling. Thus, the indication contents should be carefully deliberated. This indication contents should also consider carrier aggregation scenarios. The network can aggregate multiple CCs to communicate with UEs and it may need to inform the slot formats of multiple CCs via GC PDCCH. For the multiple CCs, multiple slot format indication is also necessary, thus it should be considered that how to inform the slot formats of the multiple CCs to the UEs. Furthermore, it is important to determine that how to signal the GC PDCCH. The GC PDCCH can be an optional feature and GD PDCCH should have significant impact on other control channels. 
For those aspects, we discuss further details in below.
Slot format indication contents
For slot formation indication, we can consider indication of a slot type in every slot, indication of a pattern over one or multiple slots or indication of a set of DL/UL/reserved resource in each OFDM symbol in one or multiple slots. Candidate slot types can include D only, U only, D-centric, U-centric, D/U equal split or reserved slot for network. D/U equal split refers a slot type where one slot is equally divided to downlink and uplink resources. For the D-centric and U-centric types, the duration for DL and UL resources can be predefined. The slot pattern informs the slot type pattern for the multiple slots. The various slot numbers of slot pattern also can be supported. The symbol type indication informs the direction D, U or others of each symbol. In determining payload size for group common PDCCH, the slot type and symbol type can need large payload size particularly when slot type or symbol type of multiple slots are transmitted in one GC-PDCCH. Even though GC-PDCCH can be transmitted in every slot, indication of symbol type in every slot can lead considerable overhead. The slot pattern indication might be the proper indication scheme considering overhead of indication. Of course, the slot format indication range can be reduced compared with other schemes, however the slot pattern indication can indicates the slot format for the multiple slots and reduce the payload size. And if it is assumed that the symbol pattern of the D/U-centric slot is not changed dynamically, the slot pattern indication scheme could be enough to inform the slot format. 
A slot pattern can be defined as {duration, a set of slot type during the time}. To allow flexible operation, multiple slot patterns of the cell can be defined in the specification where a subset of patterns can be indicated to UEs which can be indicated by a GC-PDCCH. This additional indication can be delivered to UE via SI or UE-specific configuration. 
Proposal 1: Slot type pattern can be used for the slot format indication contents.
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Figure 1. Examples of slot pattern
Figure 1 shows examples of slot type patterns where a subset of patterns can be configured to be indicated by a GC-PDCCH. The bit size required for slot type indication is dependent on the number of potential patterns indicatable.

Slot format indication for the multiple component carrier case
In the case of carrier aggregation, the slot format of CCs needs to be defined. In here, the slot format indication is for the CCs of network’s aspect. For the clear explanation, let us define a CC of network’s aspect as NCC and a CC of UE’s aspect as UCC. In the one NCC, there could be more than one UCC if a UE supports multiple RFs within a NR carrier. If GC-PDCCH conveys slot type of multiple carriers, indexing of carriers within a GC-PDCCH is necessary. As different UEs can be configured with different SCell index for the same carrier, the mapping between NCC and UCC index can be UE-specific. Thus, the mapping information needs to be configured by UE-specific higher layer signaling. Alternatively, a UE can expect GC-PDCCH in each carrier where GC-PDCCH is configured. The drawback of this approach is that a UE needs to monitor multiple GC-PDCCHs if configured in multiple carriers. 
When a GC-PDCCH carries slot type indication of multiple CCs, the payload size increases with the number of indicated carriers. Because the payload size is decided according to the number of CCs, if many of CCs are used, the payload size of GC PDCCH becomes so much larger. Or CCs are grouped and the slot format indication can be delivered to group at once. In the CC grouping, one CC of the group is defined and the slot format indication is transmitted through the CC. 
Proposal 2: For the carrier aggregation, CCs can be grouped and slot format indication for group can be defined with single group common PDCCH. 

GC PDCCH signaling 
It is necessary to define how to signal the GC PDCCH. The GC PDCCH is the optional feature thus it is difficult to allocate the GC PDCCH-specific region. The GC PDCCH at lease delivers the slot format indication, thus both scheduled and non-scheduled UEs can find the GC PDCCH. 
As a one scheme to schedule GC PDCCH via CSS,  to minimize blind decodings for GC PDCCH, we can consider the allocation the reserved resource for the GC PDCCH in the CSS. The location of reserved resource of GC PDCCH can be informed by system information or higher layer signaling. To allow better multiplexing considering GC PDCCH may or may not be transmitted, one way is to reserve one or a few CCEs in CSS for GC PDCCH. The required number of CCEs can be dependent on the size of GC PDCCH. If GC PDCCH is not transmitted, the reserved resource can be used to schedule another common control. Alternatively, GC PDCCH can be transmitted in CSS similar to other common control. In other words, blind decodings of GC PDCCH can follow regular common control. Not to increase overall blind decoding overhead, for this approach, the DCI size of common control and GC PDCCH need to be aligned. 
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Figure 5. The reserved resource allocation for the GC PDDCH in the CSS
Proposal 3: Group common PDCCH can be transmitted in the CSS.
3 Conclusion 
In this contribution, we discuss on the contents and the signalling of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: Slot pattern can be used for the slot format indication contents.

 Proposal 2: For the carrier aggregation, CCs can be grouped and slot format indication for group can be defined with single group common PDCCH.
Proposal 3: Group common PDCCH can be transmitted in the CSS.
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