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1 Introduction
In the RAN1 meeting #AH 1801, the following was agreed related to DCI contents and formats: 

	Agreements:

For one carrier:

· (working assumption) Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP

· (working assumption) At most 4 different DCI sizes are monitored by the UE per slot

· At most 3 different DCI sizes are monitored per C-RNTI per slot

· Payload size for formats 0-1 and 1-1 may differ

Working assumption:

· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:

· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering

· FFS If a UE monitors 0-0/1-0 in CSS in CORESET 0 in a slot, it does not monitor formats 0-0 or 1-0 (or 2-x family in case they have a size aligned with 0-0/1-0) in any other search space

· Otherwise, use active BWP for DCI size determination and RB numbering


In this document, we discuss the open issues in the decision of the fields and bit-widths for the different PDCCH formats. 
2. Discussion
2.1. Frequency hopping IE and VRB-to-PRB mapping IE

NR supports interleaved or distributed VRB-to-PRB mapping as well as intra- and inter-slot FH for PUSCH resource allocation when RA type1 is configured. For VRB-to-PRB mapping of PUSCH, the block interleaver is applied across the entire active UL BWP. This implies that when the PUSCH RA is less than the span of the UL BWP, the allocated PRB-groups with VRB-to-PRB enabling will be discontinuous in frequency. However, in Rel-15 for both CP-OFDM and OFDM with transform precoding, the UE is not expected to support discontinuous allocations in frequency domain. Thus, interleaved VRB-to-PRB mapping may only be used when the PUSCH resource allocation in frequency domain spans the entire UL BWP. On the other hand, FH is a feature used to realize frequency diversity gains when the PUSCH allocation spans a relatively small allocation in frequency domain and is not necessary, when the PUSCH spans the entire UL BWP BW. 

Considering the above complementary relationship between the two features, it is clearly benefitial to define one common field, which can be dynamically interpret as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission so as to further reduce the size of DCI 0_1 and 0_0. 
Proposal 1: 

· Introduce a single unified bit in both DCI 0_0 and DCI 0_1 that is dynamically interpreted as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission. 
2.2. DCI format for RA-RNTI, SI-RNTI and P-RNTI
In [2], DCI format 1_0 with dedicated RNTIs are used for RA-RNTI (random access response, msg2), SI-RNTI (system information in the form of SIBs), and P-RNTI (paging messages) as in LTE. The detailed DCI formats content remains FFS. 

Before having acquisition of the RMSI, UE has no knowledge about the actual bandwidth of the BWP and can not interpret the resource allocation for RMSI as well as RAR. Hence, for the resource allocation of RMSI and RAR/Paging, the reference BWP of DCI format 1_0 in CSS in CORESET 0 uses initial DL BWP configured by the SS/PBCH block. Also, this allows an efficient system information delivery for UEs with partially overlapped active BWPs.  
Proposal 2: Confirm the working assumption that 
· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:
· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering

As these signal should reach the cell edge, efficient coding is required. Common to these channels are that several HARQ relevant fields do not apply to this DCI format. Table 1 lists the fields and their sizes for the DCI format for scheduling normal paging/SIB/RACH messages.
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The VRB-to-PRB mapping should be supported to maximize the use of frequency diversity, e.g. by spreading the allocated PRBs across the bandwidth.  
Regarding the TBS for OSI/RMSI/Paging, it was concluded in [1] that there should a limit on the max payload size, but it is left to be decided by RAN2. Additionally, the modulation should be always QPSK considering low SINR UEs to ensure reliable reception and nor pre-coding information is required. Also, like in LTE, the MCS field can be used to directly indicate the TBS index that is delinked from the resource allocation so as to support a flexible MCS for gNB scheduler. 
In LTE, the paging message was dimensioned to accommodate approximately 16 paging records, each of ~ 100 bits, which was sufficient to dimension LTE DCI 1C/1A max payload side. Taking into account the beam-sweep operation of NR, the paging message may need to include many more paging records to lower the latency, and hence we think that it is disirable to increase the potential payload size a bit larger compared to LTE. Hence, We  propose to increase the maximum payload size to 3824. This can also provide a good container size for the SI transmission. Table 2 provides one possible TBS table to achieve this target.   
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Also, for OSI a 2-bit RV value should be kept to indicate the redundancy version of an OSI transmission to allow repeated transmission within a time window as in LTE. This RV field is not used and can be set with predefined value for paging and RAR message.     All the remaining bits in DCI format 1_0 for SIB/RAR are set to zero. 

Proposal 3: 

· The following information is signaled in DCI formats for RA-RNTI/SI-RNTI 

· Frequency domain resource assignment 

· Time domain resource assignment 

· VRB-to-PRB mapping 

· MCS 

· RV   

· All the remaining bits in DCI format 1_0 for SIB/RAR are set to zero.
Two different types of DCI formats have been defined in LTE for paging to support direct indication on DCI (i.e. DCI format 6-2) and on PDSCH (i.e. DCI format 1A/1C), respectively. These legacy DCI contents can be the starting point when defining the fields of DCI format 1-0 for paging in NR. It was observed that fields of DCI format defined in LTE can be inherited for NR     
Proposal 4: 
· The following information is transmitted by means of DCI format 1-0 if CRC is scrambled by a P-RNTI

· Short Messages Indicator (SMI) – 1 bit

· In case of direct indication and SMI = 0  

· Direct Indication inforamiton – 8 bits provide direct indication of system information update and other fields as DCI format 6-2 defined in LTE. 
· In case of Paging and SMI =1

· Frequency domain resource allocation 

· Time-domain resource assignment

· VRB-to-to PRB mapping 
· MCS 

3. Conclusions
In this contribution, we have presented our views on the leftover issues for PDCCH formats and contents.
We propose agreeing on the following: 

Proposal 1: 

· Introduce a single unified bit in both DCI 0_0 and DCI 0_1 that is dynamically interpreted as “VRB-to-PRB mapping” IE and “Frequency hopping flag” IE based on the allocated bandwidth for PUSCH transmission. 
Proposal 2: Confirm the working assumption that 

· The number of bits in the resource allocation field for format 0-0 and 1-0 depends on search space:
· In CSS(s) in CORESET 0, use initial DL BWP for DCI size determination and RB numbering

Proposal 3: 

· The following information is signaled in DCI formats for RA-RNTI/SI-RNTI 

· Frequency domain resource assignment 

· Time domain resource assignment 

· VRB-to-PRB mapping 

· MCS 

· RV   

· All the remaining bits in DCI format 1_0 for SIB/RAR are set to zero.

Proposal 4: 

· The following information is transmitted by means of DCI format 1-0 if CRC is scrambled by a P-RNTI

· Short Messages Indicator (SMI) – 1 bit

· In case of direct indication and SMI = 0  

· Direct Indication inforamiton – 8 bits provide direct indication of system information update and other fields as DCI format 6-2 defined in LTE. 

· In case of Paging and SMI =1

· Frequency domain resource allocation 

· Time-domain resource assignment

· VRB-to-to PRB mapping 
· MCS 
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