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1 Introduction
One of the open issues on the NR PDCCH design is the definition of the payload sizes and the mapping of the different PDCCH formats such as various DL MIMO, UL, D-BCH, RACH response and paging assignment . This contribution provides our views on the design principles of the PDCCH payload sizes and the respective PDCCH format contents, taking the relevant agreements and several important aspects into account.  

2. Discussion
2.1 Number of DCI formats
For NR, DCI formats need to handle different control signaling messages, e.g. DL-SCH scheduling assignments, UL-SCH scheduling grants as well as paging, random access response (RAR) and system information. The UE needs to perform blind decoding (BD) on all combinations of PDCCH formats and locations. The number BDs is linearly increasing with the number of DCI format sizes. Given the limited battery at UE, it is highly desirable to limit the number of different DCI payload sizes for NR so as to reduce the overall number of BDs and test cases. On the contrary, an excessive reduction to a small number of payload sizes causes a larger PDCCH overhead by padding. 
In order to tackle the issues discussed above, we prefer to target two DCI formats sizes to achieve a suitable trade-off between signaling overhead, performance and BD reduction. As the starting point for NR DCI format design, one small-size grant (denoting as Size A) can be used for paging, RAR and system information and one large-size grant (denoting as Size B) is defined to support other remaining purposes. It is also proposed that a few DCI formats having similar number of bits may share a certain payload size and identify by using an additional header field.
Proposal 1: RAN1 targets design of a small number of DCI format sizes for NR to minimize the BDs. 
2.2 DCI format contents 
In this section, we review latest RAN1 agreements in order to identify the new contents requested for DCI format of NR as a starting point for discussion on the DCI contents and study the feasility to define two DCI format sizes to purse the power consumption benefits. Naturally, an update of the table according to the discussions in RAN1 is desirable and more discussions on DCI format sizes are required after more relevant decisions are made. 
2.2.1 Size A – Compat DCI format
The contents of Size A DCI format e.g. for RAR, Paging and system information blocks would be a subset of the Size B downlink scheduling assignments. Like in LTE, a L2/L3 message (e.g. RAR or paging) for multiple UEs can be grouped into a same PDSCH transmission. A dedicated RNTI can be used to associate a respective message, e.g. P-RNTI, RA-RNTI or SI-RNTI. Moreover, the UE ID or preamble ID can be given as part of the PDSCH message for that UE in the PDSCH transmission. 
Common to these channels are that some fields e.g. HARQ relevant information fields and modulation in Size B DCI format do not apply for Size A DCI format so as to significantly reduce the DCI format size compared to Size B DCI format. However, as the PDSCH needs to support a dynamic payload, it should be possible to signal the resource allocation and MCS. More knowledge of the range of information payload that needs to be supported is needed before making a decision on the bitwidth of resource allocation of the PDSCH.  
For higher frequencies, some additional considerations on these PDSCH transmissions are needed for multi- beams operation. For example, if a cross-slot PDSCH scheduling for these channels is supported, a timing offset field may be required.   
The numerology i.e. SCS to be used for the PDSCH carrying the RAR/Paging/SI also needs to be discussed. One way is to use the same numrerology as that of PDCCH to further minimize the signaling overhead. The numberology of PDCCH can be signaled through PBCH or implicitly derived based on that of PBCH. 
2.2.2 Size B – DCI format for DL-SCH and UL-SCH
Regarding Size B DCI format for DL-SCH or UL-SCH, many DCI contents defined for LTE are also needed and form the basis of DCI formats for NR, e.g. resource assignement, transport format (e.g. MCS), and hybrid ARQ information (e.g. NDI, HARQ process number, RV). In addition, some new information needs to be added into NR DCI format in accordance with previous RAN1 agreements as detailed below. 
2.2.2.1 DL Scheduling assignment 
The DL scheduling assignment at least consisits of some new fields listed below in accordance with agreements:
· Timing offset for scheduling and HARQ-ACK feedback [1] 

· Indicate the timing offset K0 and K1, relative to the PDCCH and a PDSCH transmission, for the PDSCH and HARQ-ACK feedback, respectively. 
· PDSCH RE Mapping and Quasi-Co-Location Indicator [2]

· Indicate spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel via DCI (downlink grants). Note that the signaling structure should be flexible to support that DMRS port groups belonging to one CW can have different QCL assumptions.
· SRS request [3] 

· Select at least one out of the SRS resources configured by RRC signaling. A UE can be configured with an X-port SRS resource by higher layers, where the SRS resource spans one or multiple OFDM symbols within a single slot.  
Additionally to the list provided above, we believe the following additional fields are worth considering:  
· Starting/ending position
· To minimize the control signaling overhead, combining a higher layers signaling and DCI indication is preferable.To support starting/ending position with minimal specification efforts, the signaling method of special subframe structure in LTE TDD system can be reused for higher layer signaling with a set of predefined patterns for DwPTS, UpPTS and GP duration. 
· In order to control signaling overhead in case of multi-slots transmissions, the starting position should be limited only for the first DL slot in a transmission burst, taking into account the tradeoff between scheduling flexibility and signaling overhead. In particular, at least the candidates of starting position for PDSCH transmission should be distributed over a slot in order to allow eNB to start transmission thereby minimizing the latency. One signaling possibility is to define the starting position relative to the PDCCH monitoring instances of mini-slot configuration. To further reduce the overhead, the starting/end position may be indicated as part of “PDSCH RE Mapping and Quasi-Co-Location Indicator” IE.              
· Duration of the data transmission. 
· To keep the corresponding bit-width as small as possible, a set of patterns of data burst transmission can be predefined in spec or indicated through RRC signaling. DCI format is further used to dynamically select one out of them for a respective data transmission. 

	
[image: image4.png]"7 1 slot s« 1slot >

PDCCH monitorina <“— PDSCH Transmission duration ~—»
Starting position Ending position






Figure 1: An illustration of starting/ending positon for multi-slots transmission
· PUCCH configuration indicator

· PUCCH with  long duration may have different duration and symbol position in a slot. PUCCH in short duration can have different symbol position within a slot in cases that short PUCCH format with two symbols is  configured for a given UE.

· This field indicates a combinational information for location and length within a slot for the configured PUCCH format. For further details, see our companion contribution [4]. 
· PDCCH resource indicator for PDSCH RE mapping
· Indicates the unused PDCCH resources for dynamic PDSCH RE mapping.  
Table 1 summarizes the discussion and attempts to estimate DCI size for NR. The exact number of bits for each entry is still under investigation so some of the listed values should be treated as approximate and thus only indicative.
Table 1: Fields of the “Size B” DL DCI format (Two CWs in SU-MIMO)
[image: image2.emf]Field  Number of bits Comment

Carrier Indicator 3

DCI format flag 2 Interpretation of other bits may depends of the flag value. 

Resource block assignment 

25

TPC command for NR-PUCCH

2

Downlink assignment index 2

HARQ process number 3

Antenna port(s), scrambling 

identity and number of layers 

4

SRS request  2

MCS 10 TBx2, 5 bits per TB

NDI 2 TBx2, 1 bit per TB

RV 4 TBx2, 2 bit per TB

PDSCH RE Mapping and 

Quasi-Co-Location Indicator 

2

HARQ-ACK resource indicator [2] Indicates one of resources of the selected PUCCH format

HARQ-ACK timing offest

2

Scheduling timing offset 

2

PDSCH Starting position

PDSCH Ending position

Transmission duration Support multi-slots scheduling

PUCCH configuration indicator

Indicates formats (e.g short PUCCH format or long format) 

and position (e.g. start or end of slot) 

PDCCH resource indicator for 

PDSCH RE mapping 

[2]

CRC [19]

Total 65  Without counting the [X] values
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LTE fields (FFS)

Fields(FFS)


Note that, the dimension the “Resource block assignment” field in the DL assignment formats we assume a resource allocation type 0 with a scalable RBG size based on the system bandwidth. More bits are needed to support SU-MIMO transmission with two codewords.
Other open issue is the numberology of PDSCH transmission. which was not agreed whether this can be implicitly derived from other information or by some rules or included in the DCI format. Our proposal is not to include it in DCI format as it is unclear that such function is indeed necessary in practice. As an example, a same numberology of PDCCH can be applied for the scheduled PDSCH transmission. 
Proposal 2: The fields in Table 1 are considered as a starting point for size B DCI Format for DL-SCH.
2.2.2.2 Size B – Uplink Scheduling grant 
According to [2], Size B DCI format used for uplink scheduling at least includes following information:
· Timing offset for scheduling and HARQ-ACK feedback [1] 

· Indicate the timing offset K2 relative to the PDCCH for the PUSCH transmission
· Resource block assignment

· SRS resource indicator (SRI)
· Each configured SRS resource is associated with at least one UL Tx beam.
· Transmit Rank indicator (TRI)
· Bithwidth are up to the number of SRS ports configured in the indicated SRI in the same DCI.
· Transmit PMI (TPMI)
· Indicates the PMI selected and bitwidth depends on the number of SRS ports configured in the indicated SRI in the same DCI.
· Modulation and Coding Scheme (MCS)  
· HARQ information, such as HARQ process number, NDI and RV. 

· Aperiodic IMR [3]: 

· Triggering aperiodic IMR based on at least ZP CSI-RS through DCI format.  
With similar motivations on the design of DCI formats used for DL assignement, we believe the Starting/ending position and duration of PUSCH transmission are worth considering for Size B UL grant: 

Table 2: Fields of the “Size B” DCI format for UL scheduling (One CW)
[image: image3.emf]Field  Number of bits Comment

Carrier Indicator 3

DCI format flag 2 Interpretation of other bits may depends of the flag value. 

Resource block assignment  25

HARQ process number 3

TPC command for scheduled 

PUSCH 2

Cyclic shift for DM RS and OCC 

index and IFDMA configuration  3

CSI request 3

MCS 5

TB1

NDI

1

TB1

RV

2

TB1

Scheduling timing offset  2

2-bits indicates 4 offsets value, e.g. 0, 1, 2, reserved. 

SRS resource indicator  2

Indicates the selected SRS resource for transmission

Transmit Rank indicator (TRI)

Transmit PMI (TPMI)

Aperiodic IMR 

Indicate the aperiodic IMR resources for one-shot 

interference measurement

Starting position Support "mini-slot" kind of operation

Ending position

Transmission duration Support multi-slots scheduling

CRC [19]

Total 53
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Proposal 3: The field definitions described in Table 2 are considered as a starting point for size B DCI Format for UL-SCH. 
One common discussion point for Size B DCI format i.e. both DL assignment and UL grant is the CRC length. The bits number of CRC should be determined at least by the false alarm rate target and the need of any additional bits compared to LTE design is worth considering.  
3. Conclusions
In this contribution, we discuss the design principle of NR DCI formats. Additionally, we show our current view on DCI formats and provide an exemplary DCI payload table as a starting point for discussion. 
It is proposed to take into account the needed bits to signal different DCI entities in PDCCH and include the introduced additional bit fields to the signalling formats. It was proposed to define two DCI formats sizes in NR and further include a header field to idenfity different formats having a same size. For both DL assignment and UL grant, additional bits fields fields include indicators for starting/ending position, transmission duration and DMRS configuration. Moreover, it is proposed to include explicitly the indictor of unused PDCCH resource for PDSCH transmission to improve the resource efficiency. It is also proposed to take into account the needed payload of UL and DL signaling when determining the size of NR CCE.  

Based on the discussions, we propose to agree on the following as the starting point: 

Proposal 1: RAN1 targets design of a small number of DCI format sizes for NR to minimize the BDs. 
Proposal 2: The fields in Table 1 are considered as a starting point for size B DCI Format for DL-SCH. 

Proposal 3: The field definitions described in Table 2 are considered as a starting point for size B DCI Format for UL-SCH. 
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