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1. [bookmark: _Toc473554899]Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7]At the RAN1 NR Ad Hoc meeting in January 2017, the following were 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 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


R1-1701521	Summary of offline discussion on group common PDCCH – part 2	Ericsson
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 provide our considerations on group common PDCCH (GC PDCCH) design in NR.   


2. [bookmark: OLE_LINK259][bookmark: OLE_LINK260][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK40][bookmark: OLE_LINK258][bookmark: OLE_LINK261][bookmark: OLE_LINK262]Discussion on group common PDCCH design
[bookmark: _Toc473554901]
2.1 Use cases for group common PDCCH

From the discussions on NR GC PDCCH design, and also design precedence in LTE for example PCFICH, eIMTA RNTI DCI and LAA/eLAA common PDCCH, we can identify the following use cases for the NR common PDCCH:
1. Indication of duration of the control resource set. In this use case, the function of the common PDCCH is similar to PCFICH’s. Though in NR, potentially under cell, the control region size can be different for different control beams.
2. Slot type indication for multiple slots.  
a. If a slot is to be used for UL, then UEs can turn off blind detection for PDCCH over that slot and power saving can be achieved. 
b. In dynamic TDD, if a similar paradigm as in eIMTA is followed, the CSI measurement behavior can be different for a fixed DL slot (or lightly interfered slot) and a flexible slot (or a heavily interfered slot); and also UL power control can be separately configured for a fixed UL slot or a flexible slot. 
c. Also dynamic TDD, the position in a slot for the opportunity for CCA (Clear Channel Assessment), and the position in a slot for the transmission of a “busy signal” can be different depending on slot type. Also the energy detection threshold used in CCA can be different. 
3. Transmission duration of a “burst”
a. One can envision in NR Phase 2, support for unlicensed spectrum access may be considered. Similar to LAA/eLAA, indication of the duration of the transmission burst acquired by a gNB can facilitate UEs performing LBTs properly and more efficiently (e.g. a UE can convert a Category 4 LBT into one shot LBT if it is with the transmission burst acquired by a gNB).
b. While design consideration for unlicensed spectrum access is not of immediate urgency, it points to the fact that the GC PDCCH’s contents may change from Phase 1 to Phase 2.


2.2 Contents of group common PDCCH
We propose the following information to be conveyed in the GC PDCCH:
· Duration of control resource set
· While its function is similar to PCFICH’s, with the knowledge on the duration of control resource set, a UE can skip blind detection for PDCCHs at symbols not used by PDCCHs in the current slot if NR CCEs for PDCCH are located on the same OFDM symbol.
· Slot type indication for one or more slots
·  The indication of slot type for a slot can be helpful in multiple ways:
· If the indicated slot type is “UL”, then a UE can skip blind detection for PDCCHs for that slot completely;
· If some sub-types are defined for slots other than “DL” or “UL”, e.g. “DL priority” or “UL priority”, a UE scheduled to perform UL transmission can derive from the indicated sub-type of a slot: 1) the CCA (Clear Channel Assessment) opportunity timing, 2) whether to conduct transmission of a “busy signal” [1,2], 3) CCA or LBT parameters such as the energy detection threshold, which can be different depending on sub-type of a slot, and 4) the applicable uplink power control rule, which can be different depending on the sub-type of a slot. 


We have
Proposal 1: Duration of control resource set and slot type indication for one or more slot can be signaled in the GC PDCCH.

2.3 Physical channel design for group common PDCCH
In the following, if “PDCCH” is used without qualification, it refers to PDCCH such as downlink assignment, uplink grant, etc, excluding GC PDCCH.

In NR, a GC PDCCH may not be hearable at all UEs:
· It is possible that “cell splitting” under one nominal cell can be conducted through provisioning different control beams. Hence isolation among control beams is desirable.
· To close the link budget shortfall, it may be necessary to use beamforming at higher frequencies even for control channels.

We can consider two design choices for the GC PDCCH:

1. Similar to PCFICH, a physical channel with fixed resources tied to the cell ID or some other ID is defined for the GC PDCCH. This approach has pros and cons as follows:
a. Pros:
i. As the GC PDCCH designed so does not contend for the resources in the common search space with other PDCCHs, it does not contribute directly to the PDCCH blocking issue. Even though the resource set aside for the GC PDCCH also consumes resources.
ii. The design of the GC PDCCH is decoupled with other PDCCHs. To avoid persistent collision among GC PDCCHs at different control beams, it may be necessary to randomize the resources taken by each GC PDCCH at the each control beam. The randomization can be realized through tying the resources for GC PDCCH to Cell ID or a similar ID. Similar to the situation in LTE where CCEs taken by PDCCH are from the remaining CCEs after taking out CCEs for PCFICH/PHICH, then in NR the NR CCEs taken by PDCCHs are also from the remaining CCEs after taking out CCEs for GC PDCCH(s). 
b. Cons:
i. If the GC PDCCH is not always transmitted, either the resources set aside for the GC PDCCH are wasted when it is not present and the resources it would take are still reserved; or in the case the resources are used for other purposes when the GC PDCCH is not present e.g. transmission for other PDCCHs, blind detection for other PDCCHs can become complicated, as a UE needs to test whether the GC PDCCH is present or not to derive the resource definition for other PDCCHs.

2.  The GC PDCCH can share the same design as other PDCCHs:

a. If present, it can be located in the common search space or some group common search space of PDCCHs. The concept of group common search space may need some explanation. If  the concept of group common search space were not introduced, it might be difficult to provide control-beam-specific signaling to all the UEs under one control beam. Also in the case where isolation between two control beams under one cell is not perfect, then two GC PDCCHs from two control beams may occupy exactly the same REs (if they are at the same aggregation level) or overlap them partially (if they are different aggregation levels). We envision a group common search space can be used to define PDCCH resources so the chance with complete overlap is minimized. For example, the CCEs corresponding to GC PDCCH candidate m of the search space [image: ] can be given by 
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with , , , …,  and k = is the slot number within a radio frame, [image: ]. [image: ] is the number of  GC DCCH candidates to monitor in the given search space;  is the number of CCEs for a group common search space p, k is a slot index. Each group common search space is defined over one control resource set. And control resource sets can be different for different group common spaces. Further the CCE interleaver which maps logical CCEs to physical CCEs can be controlled by as well to avoid full collision among GC PDCCHs.


b. 
The GC PDCCH can have the same size as some other PDCCHs, e.g. PDCCHs for  compact downlink or uplink scheduling, downlink assignment, uplink grant, etc. To differentiate between the GC PDCCH and other PDCCHs, a group RNTI () can be associated with the GC PDCCH.  For example, the group RNTI, paging RNTI, system information RNTI all consist of 16 bits. Assume the encoding chain shown in Fig. 1 is followed, then the CRC mask can be used to differentiate different DCIs as in LTE.
 



Figure 1 RNTI masking

c. The group RNTI can be configured for a UE; alternatively all the group RNTIs can be specified in the specification, and a UE can derive the group RNTI through a mapping between a group ID and a group RNTI (the group ID can be configured for a UE or it can be derived from the UE ID through a hash function). There may be some benefits to specify the group RNTIs in the specification: in the case a sniffer (e.g. a UE or gNB from another cell) needs to blindly detect a GC PDCCH, the detection effort can be minimized. However, even if the group RNTI taking a value from a whole range is configured for a UE, inter-gNB communication can be used to provide information about the group RNTIs from one cell to another so the detection effort at a sniffer is reduced. The group RNTI can be used to derive a mask for PDCCH CRC checking as shown in Fig. 1 so the blind detection effort is not much increased if a UE needs to decode the GC PDCCH. 


d. In the case the GC PDCCH is present, especially if it bears information concerning the current slot (e.g. Duration of control resource set), it is preferred the number of candidate locations for the GC PDCCH is more limited than that for other PDCCHs, which allows a UE to search first for the GC PDCCH and make use of the conveyed information (e.g. if a UE finds in the current slot only one symbol is used for control, then it can skip blind detection over the second symbol with potential PDCCH transmissions). In one example, we can consider to place the GC PDCCH at the first candidate location at an aggregation level when present. To further reduce the latency for GC PDCCH decoding, GC PDCCH should be supported at higher aggregation levels only. Restricting the aggregation levels and candidate positions for the GC PDCCH also has the benefits for a sniffer, either a gNB or a UE from another cell, the effort to extract information from the GC PDCCH is alleviated. 

e. Given that it is possible new fields can be introduced from one release to another, a GC PDCCH design following the generic PDCCH design seems to be more future-proof than that following PCFICH-like design.
 


From the above examination on GC PDCCH design choices, we have 

Proposal 2: The GC PDCCH design follows the generic PDCCH design. A UE can be configured with a group common RNTI through RRC signaling.

Proposal 3: The GC PDCCH design has the following features:
· Required effort for blind detection of the GC PDCCH should be minimized to facilitate receiver processing and early use of the signaled information.
· Full collision among GC PDCCHs from one cell should be avoided. 

 
In LAA, the common PDCCH can be used to signal the duration of the current subframe and/or the next subframe. In NR, as both slot and mini-slot can be used for wide scenarios, e.g. using mini-slots for both eMMB and URLLC, the design consideration for GC PDCCH is applicable for both slots and mini-slots. Also some fields may not be needed for the GC PDCCH over mini-slots, for example the duration of control resource set, assuming the control resource set over mini-slots has a fixed duration. The GC PDCCH should also have the same size as some other PDCCHs over mini-slots to minimize blind detection effort at receivers. Also considering timing budget for mini-slots is typically tighter than that for slots, it is even more beneficial that the UE’s behavior in one mini-slot can be determined from a GC PDCCH from a previous mini-slot. We have

Proposal 4: In NR, GC PDCCH is supported for both slots and mini-slots. 

Proposal 5: The GC PDCCH for mini-slots may have fewer fields than the GC PDCCH for slots.



3. Conclusion
In this contribution, we provide our considerations on NR GC PDCCH design. We have
Proposal 1: Duration of control resource set and slot type indication for one or more slot can be signaled in the GC PDCCH.
Proposal 2: The GC PDCCH design follows the generic PDCCH design. A UE can be configured with a group common RNTI through RRC signaling.

Proposal 3: The GC PDCCH design has the following features:
· Required effort for blind detection of the GC PDCCH should be minimized to facilitate receiver processing and early use of the signaled information.
· Full collision among GC PDCCHs from one cell should be avoided. 

Proposal 4: In NR, GC PDCCH is supported for both slots and mini-slots. 

Proposal 5: The GC PDCCH for mini-slots may have fewer fields than the GC PDCCH for slots.
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