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Introduction
This contribution provides new texts for TR 45.820 regarding frame structure and PBCH transmission for CIoT based on the proposal discussed in [1]. 
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Proposed text for TR
7.3. NB-CIoT
7.3.1 Downlink Physical Layer Design
7.3.1.x Downlink control channel
In a typical scenario, it is assumed that PDCCH resource per each coverage class is rather separated. One example of separation is via allocating different subcarrier(s) to each coverage class. For example, one subcarrier is allocated to coverage class 1, two subcarrier are allocated to coverage class 2 and 3, and four subcarriers are allocated for coverage class 4. In terms of PDCCH configuration, the set of subcarrier(s) (e.g., subcarrier index, the number of subcarriers), periodicity of PDCCH occasion, and duration can be configured per each coverage class. Figure xxx shows an example of PDCCH occasion configuration per each coverage class. 
[image: ]
Figure xxx. PDCCH resource configuration
In summary, subcarrier(s), periodicity and duration of PDCCH resource/occasion per coverage class is indicated to UEs. 

It is noted that resources are allocated for potential PDCCH transmission where unused resource can be used by PDSCH transmission. 
In terms of transmission of PDCCH in each PDCCH occasion, a special DCI which can carry at least PDCCH message indicator (PI) is transmitted.  PI-DCI is scheduled in each PDCCH occasion where the size of PI-DCI is fixed for example 1 slot over the subcarrier(s) allocated for each coverage class PDCCH resource region as shown in Figure xxx. 
The PI includes a size of K bits bitmap where K can be different per coverage class. Each UE lookup its ID on its coverage class to check whether there is potentially scheduled DCI or not in the current PDCCH occasion. To relax UE decoding processing capability, it can be considered to indicate DCI scheduling of the next PDCCH occasion instead of current occasion in PI. When a UE detects that there is no potentially scheduled DCI for the group where the UE belongs to, it can skip reading PDCCH occasion. Based on the timer of sleep mode (e.g., inactivity timer), a UE can go back to sleep if no activity is observed. 

In terms of transmission of DCI in a PDCCH, two approaches can be considered. 
(1) Single DCI per PDCCH
It is assumed that a PDCCH carries a single DCI. Thus, a UE would read a PDCCH to acquire its DCI if it is scheduled. In terms of allocating a potential resource block where PDCCH can be scheduled, to mitigate blocking issue, multiple candidates can be considered where a UE has to blindly search multiple candidates of resource blocks to locate the PDCCH. It is also noted that a UE may not have any PDCCH scheduled even though PI indicates a potential scheduling as there are multiple UEs in the same group indicated by the same PI bit. 
(2) Multiple DCIs on a PDCCH
Another approach is to multiplex multiple DCIs of multiple UEs in a PDCCH. By this approach, a UE needs to read the entire PDCCH to locate its own DCI. This approach depending on the number of UEs scheduled together, the payload size changes, and power consumption to read a DCI can be different. 

To define multiple candidates of resource block, one candidate per PDCCH occasion can be assumed where multiple candidates over multiple PDCCH occasion can be considered within a frame. Or, multiple occasions per each PDCCH occasion can be considered which may increase the overall UE reading time. When multiple candidates are considered, different hashing function may be used per PDCCH occasion to minimize collision among same UEs. For example, if one frame has three PDCCH occasion, the index can be 0, 1, and 2, and the hashing function for a UE can be





where , ,  and k = {0, 1, 2}. The resource block that a UE can use may be determined as (Yk % M) where M is the number of resource blocks per PDCCH occasion. 

In terms of fields for a DCI, the following are at least needed. 
· DL or UL: whether this DCI intends for downlink scheduling or uplink grant
· C-RNTI (RNTI used for scheduling)
· Subcarrier index or frequency location
· MCS and/or TBS
· Start indicator 
· Duration
To carry A/N via PDCCH, two approaches can be considered. One example of A/N is to piggyback A/N information of multiple UEs with PI. For example, each PI can carry a bitmap of A/N where i-th bit indicates A/N on uplink transmission scheduled with A/N index of i. For example, when UL grant is scheduled, the network can assign A/N index where the UE can locate it’s A/N based on the allocated A/N index by UL grant. Another approach is to use the subcarrier index of scheduled UL grant to locate the A/N resource. Otherwise, individual A/N can be transmitted via scheduling a DCI just for A/N. Or, only NACK can be indicated which will be accompanied with UL grant for retransmission. In case limited resources are used for PDCCH transmission, it would be desirable to consider either a common DCI carrying A/N information for UL transmission or consider NACK-only feedback. 
While possible PDCCH resources are configured in such way, PBCH locations have to be avoided. For example, PDCCH overlapped with the PBCH location can be delayed to the location where PBCH is not present.
[image: ]
Figure xxxx. PDCCH delay to avoid PBCH region
<< ------------------- omitted ------------------- >> 
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