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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction
In this contribution, we firstly discuss the necessity to introduce a compact DCI format and then provide our views on the contents of compact DCI.
2. Discussion 
2.1.  Additional DCI formats
In the previous meeting, the following agreement was achieved that NR supports a DCI format having the same size as the DCI format 1_0 to be used for scheduling RMSI/OSI, for Paging, and for random access. The transmission of PDSCH of RMSI/OSI and paging are broadcasted. These messages need to have a comparable coverage performance as PBCH. Note that there are 576 resource elements available in PBCH. A quarter of them are occupied by DMRS. The available resource elements number used to transmit MIB is 576*(1-1/4) = 432. Because of MIB is modulated by QPSK, the possible encoded bits number is 432 * 2 = 864bits. In addition, the payloads of MIB is 56bits. It could be derived that the coding rate of MIB is 56/864 = 0.065. Furthermore, the MIB support soft combining to further increase the reliability. 
Before receiving MIB and RMSI, UE cannot start RACH process. It can only access a cell after starting RACH process. It means that the cell coverage is dependent on the coverage of MIB, RMSI PDCCH and RMSI at least. In NR, AL = 4/8/16 would be used to RMSI PDCCH. When the AL is 4, the available resource elements used to transmit DCI is 216. Accordingly, the encoded bits is 432 bits when QPSK modulation is adopted. If DCI format 1_0 is used to schedule SI or paging message, the payload of DCI format 1_0 may be 64bits. It means that the coding rate of PDCCH is 64/432 = 0.148. We can see that it is greater than the coding rate of MIB. Although higher AL may help improve the coverage performance, it is worth noting that many of the agreed RMSI CORESET configurations cannot provide enough resources for DCI with higher ALs.
Table 1
	Aggregation level
	Resource element number
	Encoded bits
 (QPSK)
	Code rate

	4
	216
	432
	0.148

	8
	432
	864
	0.074

	16
	864
	1728
	0.052


In NR, according to the simulations in [1][2][3], we assume the required SNR at BLER 1%  as the following table. 
Table 2
	MIB [1]
	One shot
	Two shot
	Three shot
	Four shot

	
	1dB
	-4.3dB
	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]-7dB
	-8 dB

	RMSI [2]
	24 PRBs
	48PRBs

	
	One shot
	Two shot
	One shot
	Two shot

	
	3 dB
	-2.5 dB
	-1.3 dB
	-5.3 dB

	PDCCH [3]
	AL = 4
	AL = 8
	AL = 16
	

	
	1.8 dB
	-0.6 dB
	-2.7 dB
	


The payload of DCI in PDCCH is 60bits. We can see that the coverage of PDCCH is less than that of MIB. Therefore, in order to guarantee the coverage of RMSI PDCCH, compact DCI can be introduced to decrease the payloads to enlarger the coverage.
[bookmark: _Ref503347851]Proposal 1: Compact DCI can be introduced for scheduling broadcast messages.
2.2. Contents of compact DCI 
In order to extend the PDSCH coverage, the payload size of compact DCI should be as small as possible. Meanwhile, in consideration of the flexibility of scheduling, the bit-width of different fields should be large enough to indicate different configurations. For balancing the performance of coverage and scheduling flexibility, we analyze some potential DCI contents for compact DCI as following. The same DCI format can be used for scheduling SI and paging information like LTE.
DCI contents for scheduling RMSI/OSI
The following contents should be transmitted in a DCI format scheduling RMSI/OSI:
· Frequency domain resource allocation
· Time domain resource allocation and modulation order
· TB size indication
· HARQ process number
· RV
· CRC
DCI contents for scheduling paging
The following contents should be transmitted in a DCI format scheduling paging message:
· Flag to distinguish paging and direct indication
· Frequency domain resource allocation 
· Time domain resource allocation and modulation order
· TB size indication
· RV
· CRC
Flag to distinguish paging and direct indication:
The flag is piggybacked on DCI only when DCI is scrambled by P-RNTI. It indicates the PDCCH is either a direct indication or a scheduling indication for paging message transmission.
Frequency-domain resource allocation:
It can adopt downlink resource allocation type 1 to indicate the frequency domain resource. Furthermore, the granularity can be bigger than 1RB according to the bandwidth of initial BWP, which can reduce the overhead of this field. The granularity can be defined as below:
Table 3
	Bandwidth 
	Granularity
	Frequency domain indication bitwidth

	24 RBs
	1 RB
	9 bits

	48 RBs
	2 RBs
	9 bits

	96 RBs
	4 RBs
	9 bits



Time-domain resource allocation and modulation order:
In LTE, the scheduling time unit of SI is one subframe. The available resource is 9 OFDM symbols or more depending on the PDCCH. In NR, for RMSI, the number of resource elements may be limited especially for scenarios that SSB and RMSI are FDMed. In this scenario, the scheduling of RMSI may be mini-slot scheduled, and the available transmission symbol number can be 2. If single symbol and configuration type 1 are adopted for DMRS, half of the total resource elements of the first symbol was occupied by DMRS. The remaining resource elements used to transmit RMSI can be seen in Table 5. The encoded bits with different modulation order can be seen in Table 5. In addition, if the maximum size of SI is 2216bits, the nominal coding rate with different frequency resource and different modulation can be found in Table 4. It can be seen that the modulation schemes higher than QPSK may be needed for transmitting a larger TB (at least as large as that of LTE). In the case of the limited available resource elements in FDM manner, variable modulation order can be introduced in compact DCI. If the available resource elements are limited, compact DCI can indicate to use high modulation order to transmit large transport block size.
[bookmark: _Ref506377841]Table 4
	
	24RBs
	48RBs
	96RBs

	RE number
	432
	864
	1728

	
	Encoded bits
	Nominal coding rate
	Encoded bits
	Nominal coding rate
	Encoded bits
	Nominal coding rate

	QPSK
	864 bits
	2.562
	1728 bits
	1.281
	3456 bits
	0.641

	16QAM
	1728 bits
	1.281
	3456 bits
	0.641
	6912 bits
	0.320

	64QAM
	2592 bits
	0.854
	5184 bits
	0.427
	10368 bits
	0.214


At the same time, in order to guarantee the minimum size of compact DCI, the modulation field can be joint encoded with the time-domain resource allocation field. When the available OFDM symbol number is small, network can adopt high modulation order to ensure spectral efficiency. Otherwise, the QPSK can be used in RMSI transmission like LTE. 
An example of the time domain and modulation scheme table can be found as below, considering that higher modulation schemes may be applied for FDM. Further refining considering each typical use case is obviously necessary.
[bookmark: _Ref506373607]Table 5
	index
	Length
	Modulation order
	Starting slot
	Starting symbol

	0
	2
	64QAM
	0
	2

	1
	2
	64QAM
	0
	10

	2
	2
	16QAM
	0
	2

	3
	2
	16QAM
	0
	10

	4
	2
	QPSK
	0
	2

	5
	2
	QPSK
	0
	10

	6
	4
	QPSK
	0
	2

	7
	4
	QPSK
	0
	6

	8
	4
	QPSK
	0
	10

	9
	4
	QPSK
	1
	10

	10
	7
	QPSK
	0
	2

	11
	7
	QPSK
	0
	4

	12
	7
	QPSK
	0
	7

	13
	10
	QPSK
	0
	2

	14
	12
	QPSK
	0
	2

	15
	14
	QPSK
	1
	0


The reference point of the starting time of PDSCH is slot boundary in the table. The first column is the index indicated in DCI. The “Length” field is the allocated number of OFDM symbols. The starting slot indicate the slot offset between PDCCH and the scheduled PDSCH. The starting symbol is the symbol index in slot.
TB size indication:
The transport block size can be direct indicated in compact DCI like LTE DCI format 1C. In LTE, format 1C adopt 5bits to indicate the TB size. The bitwidth of this field can be reduced. The granularity of TB size of SI/paging can be further discussion. 
HARQ process number:
It has not yet decided the details of SI scheduling. Unlike that in LTE, in NR the SI window may be overlapped. For example, in beamforming case, each SI message needs to be transmitted on N beams to ensure every UE can receive it. If one SI-window is associated only one SI message, longer SI window is required by beamformed cell than non-beamformed cell. One solution may be that one SI window can be associated with several SI messages. In this case, HARQ process ID may be needed in DCI to identify different SI messages in the same SI window. 
RV
In LTE, each SI message is associated with a SI window, and SI window of different SI messages do not overlap. RV is implicit indicated by associated with SFN. As discussed above, this may not be true in NR. Accordingly, the RV indicator may still be need.
[bookmark: _Ref506124637]Proposal 2: Modulation order should be introduced in compact DCI.
[bookmark: _Ref506124645]Proposal 3: Time-domain resource allocation field can joint encoding with modulation order in compact DCI.
3. Conclusion
In the contribution, we propose to introduce a new DCI format to scheduling SI/Paging messages, and propose that,
Proposal 1: Compact DCI can be introduced to schedule RMSI/OSI and paging.
Proposal 2: Modulation order should be introduced in compact DCI.
Proposal 3: Time-domain resource allocation field can joint encoding with modulation order in compact DCI.
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