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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#92bis meeting [1], the following working assumption was confirmed for the size of DCI format 0-0/1-0:
[bookmark: OLE_LINK7]Agreements:
· To confirm the following working assumption with update
Working assumption:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· FFS: Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP
and for DCI format 1-0, the following agreements were achieved:
Agreements:
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP.
· The case of TC-RNTI is a working assumption
· The case of C-RNTI/CS-RNTI is at least applicable to non-CA case and Pcell in CA
· FFS other cases
Agreements:
When a valid DCI with SI-RNTI is detected in either CSS type 0 or CSS type 0a, the following fields apply:
	Field
	Bits
	Comment

	Frequency domain resource assignment
	[image: ]
	

	Time domain resource assignment
	4
	Index into default table

	VRB-to-PRB mapping
	1
	FFS whether this field is needed or not

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM, only lowest part used.

	Redundancy version
	2
	FFS whether this field is needed or not

	Reserved bits
	(fixed value)
	To meet fallback DCI size


· Note: Need to check whether interleaved VRB-to-PRB mapping is possible for SI-RNTI as the UE does not know the CRB grid.
In this contribution, benefits of interleaving for SIB1 transmission are evaluated. In addition, remaining issues on DCI interpretation for DCI format 0_0/1_0 are discussed.
Discussion
Interleaving in DCI format 1_0 
In LTE, considering the potential diversity gain, the VRB-to-PRB interleaving is supported in DCI format 1A, which can be adopted for the system information transmission. And in NR, if the VRB-to-PRB interleaving is not mandatory, the performance of the SIB1 transmission will degrade compared with LTE. Some simulation results of interleaving gains for SIB1 transmission are shown below, and simulation assumptions could be found in the Appendix.
[image: C:\Users\t00291156\AppData\Roaming\eSpace_Desktop\UserData\t00291156\ReceiveFile\Fig_Interleaved_30 kHz(1).png]
Figure 1 BLER of non-interleaved and interleaved VRB for different size of initial DL BWP (30kHz SCS)
[image: C:\Users\t00291156\AppData\Roaming\eSpace_Desktop\UserData\t00291156\ReceiveFile\Fig_Interleaved_15 kHz(1).png]
Figure 2 BLER of non-interleaved and interleaved VRB for different size of initial DL BWP (15kHz SCS)
From the results shown in the above figures, we can see that for larger size of initial DL BWP, larger gains could be achieved by VRB-to-PRB interleaving, and more than 2 dB gain can be obtained at 2% BLER when the BW of initial DL BWP is 96 RBs. To improve DL coverage, it is preferred that NR supports VRB-to-PRB interleaving for SIB1 transmission, and VRB-to-PRB interleaving is mandatory for UEs. Otherwise, gNB cannot perform interleaving for SIB1 to improve DL coverage.
Observation 1: As compared to non-interleaved VRB-to-PRB mapping, when the bandwidth of initial DL BWP is 24/48/96 RBs, 0.7/1.4/2.3 dB gain for SIB1 transmission could be achieved by interleaved VRB-to-PRB mapping.
Proposal 1: Support VRB-to-PRB interleaving for SIB1 transmission. 
For VRB-to-PRB interleaving in DCI format 1_0, interleaving should be carried out in the bandwidth of the initial DL BWP. When a UE is receiving SIB1 during initial access, CRB 0 is not known by the UE, so the resource block bundle 0 for SIB1 should start from the lowest RB of the CORESET 0. For PDSCH transmission scheduled by DCI format 1_0 not carrying SIB1, since CRB 0 is already known, to reduce resource allocation fragment, it is suggested to align this resource block bundle 0 with the bundle boundary determined by the CRB 0. Moreover, since this DCI and its scheduled PDSCH are meant to be decoded by a group of UEs, all UEs in the group should have the same value of RB bundle size, e.g. L=2.


Figure 3. Non-interleaved/interleaved VRB-to-PRB mapping for DCI format 1-0 in CSS.
Proposal 2: For VRB-to-PRB interleaving in DCI format 1_0 in CSS, 
· The size of initial DL BWP is used as the BWP size in the interleaver formula.
· The RB bundle size is L=2.
· The RB bundle 0 starts from the lowest-numbered physical resource block of the CORESET where the DCI was received.
· If the DCI format 1_0 is received in Type0-PDCCH CSS and is scheduling PDSCH carrying SIB1, the RB bundle 0 consists of 2 RBs.  Otherwise, the RB bundle 0 consists of  RBs, where  is the lowest-numbered physical resource block in the CORESET where the DCI was received.
RIV indication in DCI format 0_0/1_0
According to the agreement in RAN1#92bis, if the DCI size budget is not fulfilled, the size of DCI format 0_0/1_0 in USS is given by the initial DL BWP. But how to interpret the RIV value in DCI format 0_0/1_0 for resource allocation in the active UL/DL BWP is not specified. 
For DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI in CSS has similar problem. This is because the uplink transmission scheduled by DCI format 0_0 is UE specific, the mapping of resource allocation can be different for different UEs. Therefore, these two cases can be considered together and two options are suggested as follows:
· Option1: RIV is interpreted according to the initial BWP, resulting in start and length. The start/length is scaled by a factor K and then applied to the active BWP. The factor K can be K=max(1, floor(Nactive/Ninitial)) , whereby Nactive  and Ninitial are the bandwidths of active BWP and initial BWP respectively.
· Option2: RIV is obtained by scaling a value in frequency RA field by factor of K and then the RIV is interpreted in and applied to the active BWP. RIV=floor (K*n), where n is the value of frequency RA field. The factor K can be K=(Nactive *(Nactive  +1)/2)/2B , B is the number of bits for frequency RA field. Nactive *(Nactive  +1)/2  is the potential number of RIV values needed for frequency RA for the active BWP.
The performance of these two options are analysed in our contribution [2] and we support option 2, which can provide a more flexible scheduling combinations compared with option 1.
Proposal 3: For DCI format 0_0/1_0 in USS, and DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI in CSS, the RIV value is determined by multiplying a scaling factor, and then interpreted based on the active BWP.
Frequency hopping in DCI format 0_0 and interleaving in DCI format 1_0 in USS
After VRB resource allocation in Section 2.2, how to perform frequency hopping for UL transmission and how to perform VRB interleaving for DL transmission should be clarified, i.e. the size of frequency hopping region and VRB interleaving region. Two options can be considered for the operation of VRB interleaving, similar analysis could be used for UL frequency hopping.
· Initial DL bandwidth part
This option can keep alignment with DCI format 1_0 in CSS, which may simply the specification.
· Active bandwidth part
This option can utilize more frequency diversity gain since the size of the active bandwidth part is usually larger than the size of the initial DL bandwidth part.
To achieve more diversity gain to improve coverage, we prefer to support the frequency hopping and VRB interleaving in the active bandwidth part.
[bookmark: OLE_LINK19]Proposal 4: For DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI in CSS, and DCI format 0_0/1_0 in USS, the size of active UL BWP is used as the BWP size in the frequency hopping.
Proposal 5: For DCI format 1_0 in USS, the size of active DL BWP is used as the BWP size in the interleaver formula.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: As compared to non-interleaved VRB-to-PRB mapping, when the bandwidth of initial DL BWP is 24/48/96 RBs, 0.7/1.4/2.3 dB gain for SIB1 transmission could be achieved by interleaved VRB-to-PRB mapping.
Proposal 1: Support VRB-to-PRB interleaving for SIB1 transmission. 
Proposal 2: For VRB-to-PRB interleaving in DCI format 1_0 in CSS, 
· The size of initial DL BWP is used as the BWP size in the interleaver formula.
· The RB bundle size is L=2.
· The RB bundle 0 starts from the lowest-numbered physical resource block of the CORESET where the DCI was received.
· If the DCI format 1_0 is received in Type0-PDCCH CSS and is scheduling PDSCH carrying SIB1, the RB bundle 0 consists of 2 RBs.  Otherwise, the RB bundle 0 consists of  RBs, where  is the lowest-numbered physical resource block in the CORESET where the DCI was received.
Proposal 3: For DCI format 0_0/1_0 in USS, and DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI in CSS, the RIV value is determined by multiplying a scaling factor, and then interpreted based on the active BWP.
Proposal 4: For DCI format 0_0 with CRC scrambled by C-RNTI, CS-RNTI in CSS, and DCI format 0_0/1_0 in USS, the size of active UL BWP is used as the BWP size in the frequency hopping.
Proposal 5: For DCI format 1_0 in USS, the size of active DL BWP is used as the BWP size in the interleaver formula.
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Appendix

Table 1 Simulation assumptions
	Carrier Frequency
	3.5 GHz / 1.8 GHz

	Sub-carrier spacing
	30 / 15 kHz

	Initial DL BWP bandwidth
	24 / 48 / 96 RBs

	Number of used RB
	Depend on different simulation cases

	Coding rate
	1/6

	CP
	Normal CP

	Modulation
	QPSK

	Channel model
	TDL-A DS=100ns

	UE velocity
	3 km/h 

	Channel estimation
	RCE 

	Antennas configurations
	1Tx2Rx

	SIB1 payload size
	500 bits

	PDSCH Symbols
	12 OFDM symbols

	DMRS
	One front-loaded, one additional DMRS symbol
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