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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
VRB-to-PRB interleaving has been supported for unicast PDSCH transmission. However, there remain discussions on whether VRB-to-PRB interleaving is mandatory, i.e., whether VRB-to-PRB interleaving shall be supported for SIB transmission. Also during the previous meeting, this remains as an open issue as shown by the following RAN1 related decisions:
Agreements in RAN1#93:
· Confirm the working assumptions in the previous agreements as shown below:
· For PDSCH scheduled by P-RNTI (working assumption), and RA-RNTI, scaling factor is applied in the calculation of Ninfo of TBS determination 
· (Working assumption) values of scaling factor: 1, ½, ¼
· FFS the possibility of adding another value, e.g., 1/8 or 1/16
· DCI content for paging updated as shown in the table
	Field
	Bits
	Comment

	Short Messages Indicator
	12
	Already captured in 38.212. Need to add interpretation.

	In case of short message service

	Short message
	[8]
	Defined by RAN2. The number of bits to be checked with RAN2.

	Reserved bits
	
	To meet overall DCI size

	In case of paging message

	Frequency domain resource assignment
	

	 

	Time domain resource assignment
	4
	Note: applicability of the currently agreed default table to paging or whether an additional default table or SIB1 signaled table is FFS.

	VRB-to-PRB mapping
	[1]
	Depends on whether interleaved mapping is mandatory or not

	Modulation and coding scheme
	5
	Same MCS table as for “normal” transmission without 256QAM

	TB scaling
	2
	To scale TB size

	Reserved bits
	(fixed value)
	To meet overall DCI size


In this contribution, benefits of VRB-to-PRB interleaving for SIB1 transmission are firstly evaluated to support VRB-to-PRB interleaving as mandatory. The detailed design is then provided including RB bundle size determination and RB bundle partitioning.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
Benefits of support VRB-to-PRB interleaving for SIB
In LTE, the VRB-to-PRB interleaving is supported in DCI format 1A. This is beneficial to improving frequency diversity gain, when it is adopted for SIB1 transmission. In NR, there remain discussions on whether VRB-to-PRB interleaving is mandatory, i.e., whether VRB-to-PRB interleaving shall be supported for SIB transmission for NR. 
In the below, we evaluate performances of SIB1 transmission with and without VRB-to-PRB interleaving. The simulation assumptions could be found in the Appendix A.
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[bookmark: _Ref521594845]Figure 1. BLER of non-interleaved/interleaved SIB1 in initial DL BWPs with (a) 15 kHz SCS and (b) 30 kHz SCS
From the results shown in the above figures, it is observed that the larger size of initial DL BWP the larger gain can be achieved by adopting VRB-to-PRB interleaving. Specifically, considering 1% BLER, more than 2 dB SNR gain can be obtained for interleaved SIB1 when transmitting in a 96-RB initial DL BWP.
As a result, to achieve the same DL coverage with LTE, it is preferred that VRB-to-PRB interleaving is mandatory for NR UEs to provide configuration flexibility for interleaved SIB1 transmission.
Moreover in general, since the size of the frequency domain resource assignment bit field in DCI format 1_0 scrambled by SI-RNTI is determined by the initial downlink BWP, any system information (SIBx) is scheduled in a bandwidth which is as wide as the bandwidth of the initial DL BWP. Therefore, the same performance gains of Figure 1 can be achieved for interleaved SIBx (x ≥ 1). When the payload of SIBx increases, the coverage can be even worse if without VRB-to-PRB interleaving.
Observation 1: Compared with 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 SIBx (x ≥ 1) transmission is achieved by interleaved VRB-to-PRB mapping.
Proposal 1: NR supports VRB-to-PRB interleaving for SIBx transmission. 
Detailed designs of VRB-to-PRB interleaving for SIB
To support VRB-to-PRB interleaving for SIBx transmission, the following questions remain to be answered:
(1) What is RB bundle size?
(2) How to partition RB bundles for SIB1?
(3) How to interpret the frequency domain resource assignment bit field if a DL BWP other than the initial DL BWP is active for a UE?  
We answer the questions in the following and give the corresponding TP in Appendix B.
RB bundle size
[bookmark: _GoBack]For unicast PDSCH, the RB bundle size L is configurable between 2 and 4. Moreover, a bundle size of 2 is assumed if no bundle size is configured. For SIBx (x ≥ 1) the bundle size of 2 can also be used by default. The reasons are as follows. 
Firstly, there is no bundle size configuration received for a UE during initial access. Secondly, the same bundle size shall be assumed among UEs sharing the same SIB1 where some of the UEs can be idle while the others can be RRC-connected. Similarly, the same bundle size shall be assumed among UEs with different active DL BWPs sharing the same SIBx. Therefore, it is straightforward to consider a bundle size of 2 as the default value for SIBx with the minimum specification impact.
Proposal 2: The RB bundle size of 2 is used for interleaved SIBx by default.
RB bundle partitioning for SIB1


For unicast PDSCH, the RB bundles are partitioned with the reference point as common RB 0. The  RBs in BWP i with starting position  are divided into  RB bundles. However, this is inappropriate when VRB-to-PRB interleaving is used for SIB1 transmission. 


Firstly, considering a UE during initial access, common RB 0 is unknown since it is indicated in SIB1. Secondly, although an RRC-connected UE is aware of the common RB 0, it is still inappropriate to use the common RB 0 for RB bundle partitioning when it shares the same SIB1 with another idle UE. To align the understanding among idle UEs and RRC-connected UEs, it is beneficial to using the lowest RB of the CORESET scheduling SIB1 as the reference point for RB bundle partitioning for interleaved SIB1 transmission. Specifically, if the CORESET is configured by MIB, the reference point is also the lowest RB of the initial DL BWP. Note that for format 0-0/1-0 (regardless of RNTI) in CSS, the size of the frequency domain resource assignment bit field is based on the initial DL BWP. Therefore, for SIB1 the  RBs in the initial DL BWP are divided into  RB bundles.


Proposal 3: For interleaved SIB1 transmission, the  RBs in the initial DL BWP are divided into  RB bundles.
Interpretation of the frequency domain resource assignment for interleaved SIB
Since different UEs (in connected mode) can have different active DL BWPs which can be different with the initial DL BWP, the frequency domain resource assignment bit field of DCI format 1_0 in CSS should be interpreted such that the UEs access the same RB region within their own respective BWPs to obtain the same SIBx. For non-interleaved VRB-to-PRB mapping, this is already specified in TS38.211 ‎[1] as follows:
	TS38.211v15.2.0, Section 7.3.1.6:




For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.


A similar approach can be used for the interleaved VRB-to-PRB mapping for SIBx transmission as well. In particular, as illustrated in Figure 2, the PRB bundle numbering for the PDSCH scheduled by DCI format 1_0 in CSS starts from the PRB bundle which contains the lowest PRB in the CORESET where the corresponding DCI was received. 
Proposal 4: For interleaved SIBx transmission, the PRB bundle numbering starts from the PRB bundle which contains the lowest PRB in the CORESET where the corresponding DCI was received.

[image: ]
[bookmark: _Ref521598360]Figure 2. Interpretation of the frequency domain resource assignment for interleaved VRB-to-PRB mapping in DCI format 1_0 in CSS.
[bookmark: _Ref129681832]Conclusion
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: NR supports VRB-to-PRB interleaving for SIBx transmission. 
Proposal 2: The RB bundle size of 2 is used for interleaved SIBx by default.


Proposal 3: For interleaved SIB1 transmission, the  RBs in the initial DL BWP are divided into  RB bundles.
Proposal 4: For interleaved SIBx transmission, the PRB bundle numbering starts from the PRB bundle which contains the lowest PRB in the CORESET where the corresponding DCI was received.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref521612616] 3GPP TS38.211 v15.2.0

Appendix A: Simulation assumptions

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





Appendix B: VRB-to-PRB interleaving for SIB

[bookmark: _Ref497329097][bookmark: _Toc501054884]< Unchanged parts are omitted >
7.3.1.6	Mapping from virtual to physical resource blocks
The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non-interleaved mapping.





For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.
For interleaved VRB-to-PRB mapping, the mapping process is defined in terms of resource block bundles:



-	For a PDSCH transmission carrying SIB1, the set of  resource blocks in initial active downlink bandwidth part are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size and




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.











-	For PDSCH transmissions carrying other than SIB1 and scheduled with a DCI format 1_0 in any type of PDCCH common search space in bandwidth part  with starting position , the set of  virtual resource blocks  are divided into  virtual resource-block bundles in increasing order of the virtual resource-block number and virtual bundle number and the set of   physical resource blocks  are divided into  physical resource-block bundles in increasing order of the physical resource-block number and physical bundle number, where ,  is the bundle size, and is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.

-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of  resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.






[bookmark: _Hlk504539459]-	For other PDSCH transmissions, the set of  resource blocks in bandwidth part  with starting position  are divided into  resource-block bundles in increasing order of the resource-block number and bundle number where  is the bundle size for bandwidth part  provided by the higher-layer parameter vrb-ToPRB-Interleaver and

-	resource block bundle 0 consists of  resource blocks,




-	resource block bundle  consists of   resource blocks if  and  resource blocks otherwise,

-	all other resource block bundles consists of  resource blocks.

-	Virtual resource blocks in the interval  are mapped to physical resource blocks according to


-	virtual resource block bundle  is mapped to physical resource block bundle 


-	virtual resource block bundle  is mapped to physical resource block bundle  where 



-	The UE is not expected to be configured with  simultaneosuly with a PRG size of 4 as defined in [6, TS 38.214]

-	If no bundle size is configured, the UE shall assume .
< Unchanged parts are omitted >
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