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1. Introduction
In RAN1 NR#3 meeting, following agreements were made regarding frequency domain resource allocation [1]:
	Agreements:
· The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary


In this contribution, we continue to discuss remaining issues on resource allocation especially on the definition of RBG to align with PRB in boundary, TBS determination for CBG-based retransmission. 

2. Discussion
2.1. Alignment RBG and PRG in boundary
RBG is used as a basic unit of frequency domain resource allocation for frequency domain resource allocation type 0. Meanwhile, PRG is defined as a precoder granularity. In this case, a UE assumes that the same precoder is applied to PRBs within the same PRG. Moreover, it can be seen that PRG is a basic unit of channel estimation. According to MIMO discussion, it is agree that when a UE is configured with RBG=2, the UE is not expected to be configured with PRG=4. In this case, a single PRG can be overlapped with multiple RBGs as in Figure 1. Depending on the allocated RBG, the effective PRG size can be varying across allocated PRBs. In this case, the channel estimation accuracy will be unequal for the same PDSCH or PUSCH transmission, and it may cause the performance degradation on PDSCH or PUSCH decoding.
[image: ]
Figure 1: Example of RBG and PRG setting (RBG=2, PRG=4). 
Meanwhile, the same situation where a single PRG can be overlapped with multiple RBGs can occur when RBG and PRG are not aligned in boundary as well as shown in Figure 2. 
[image: ]
Figure 2: Example of RBG and PRG setting without boundary alignment. (a) RBG=4, PRG=2, (b) RBG=4, PRG=4.
In the current specification, RBG is defined based on local PRB indexing within a single BWP while PRG is defined based on common RB indexing. Therefore, depending on the starting CRB index of BWP, RBG and PRG will not be aligned in boundary even though they are set to be the same size of RBs. Moreover, it violate the agreement on relationship between PRG and RBG which is “The PRB bundle defined in the absolute PRB grid of the wideband CC from network perspective is aligned with RBG boundary”. 
Meanwhile, to support MU-MIMO between different UEs with different BWP, it would be efficient to define PRG based on common RB indexing. Similarly, it’s desirable to apply RBGs aligned with common PRB indexing such that regardless of BWP configuration, RBGs are aligned among different UEs. 
Proposal 1: RBG grouping is applied based on common RB indexing. 
In this case, the first RBG size within a carrier bandwidth part is given by  and the last RBG size is given by  if , otherwise given by P where P is nominal RBG size given by table. Furthermore, the number of RBGs can be . The number of RBGs will be used to determine the bit field size of frequency domain resource allocation. Similarly, for interleaved VRB-to-PRB mapping, physical resource block associated with virtual resource block bundle needs to be aligned with PRG in boundary as well. 
Proposal 2: The number of RBGs within a given BWP i is given by . 
· The first RBG size within a carrier bandwidth part is given by 
· The last RBG size is given by  if , otherwise P
· Other RBGs are of size P
Proposal 3: For interleaved VRB-to-PRB mapping, physical resource block associated with virtual resource block bundle needs to be aligned with PRG in boundary.
Alternatively, it can be considered to restrict the possible value of the starting CRB index of BWP to align PRB bundle with RBG in boundary. For instance, the starting CRB index of BWP can be form of multiples of 4. 

2.2. TBS determination for CBG-based retransmission  
Meanwhile, between initial transmission and retransmission(s), different number of PRBs can be allocated for PDSCH/PUSCH. To be specific, if both initial transmission and retransmission(s) are slot-based-scheduling, and if small number of CBGs are retransmitted, the number of allocated PRBs for retransmission will be considerably reduced compared to the TB-based initial transmission. In this case, the current TBS format would not guarantee the same TBS between initial transmission and retransmission(s). 
Considering CBG-based retransmission, as the number of scheduled CBGs increases, the number of allocated PRBs will also increases. In this case, it can be considered to introduce scaling factor to be used in formula for TBS determination. To be specific, in case of CBG-based retransmission, the scaling factor can be derived by CBGTI. For instance, if the total bit field size of CBGTI is N, and the number of enabled states (e.g. the number of scheduled CBG(s)) is M, the scaling factor is N/M. In other words, when Q PRBs are used to transmit TB-based initial transmission, Q*(M/N) PRBs can be used to transmit M CBGs over N CBGs (which is one TB). 
Alternatively, it can be assumed that UE can decode CBG-based retransmission only if DCI scheduling TB-level initial transmission is successfully decoded. In that case, it can be considered to investigate how to efficiently use MCS field. For simplicity, UE can ignore the target code rate indicated by MCS field in DCI scheduling CBG-based retransmission. 
Proposal 4: For TBS determination for CBG-based retransmission, 
· Option 1: Scaling factor can be used to derive TBS. The value of scaling factor is N/M where N is the total bit field size of CBGTI, and M is the number of the scheduled CBGs. 
· Option 2: TBS of CBG-based retransmission is given by DCI scheduling TB-level initial transmission. 

2.3. Time-domain resource allocation for non-slot case
So far, there are some differences between slot-based and mini-slot based scheduling at least in terms of DM-RS position, and either slot-based scheduling or mini-slot based scheduling will be determined based on the PDSCH mapping type or PUSCH mapping type in the time-domain resource allocation field. To be specific, if the PDSCH or PUSCH mapping type is set to Type A, the reference point for DMRS position in time-domain is defined relative to the start of the slot. If the PDSCH or PUSCH mapping type is set to Type B, the reference point for DMRS position in time-domain is defined relative to the start of the scheduled PDSCH or PUSCH resources. Similarly, the reference point for the starting symbol needs to be defined depending on the PDSCH or PUSCH mapping type. 
In our perspective, non-slot case is mainly used for URLLC application. In this case, considering latency, PDCCH needs to be transmitted no later than its associated PDSCH or PUSCH transmission. To be specific, it is impossible to transmit PUSCH before decoding UL grant (except for UL transmission without grant). In case of PDSCH, UE may need to have unnecessarily excessive buffer before decoding DCI scheduling the PDSCH. For low latency, the timing difference between PDCCH and PDSCH/PUSCH needs to be small enough. In those points of views, starting symbol index for non-slot case does not need to be defined with respect to slot boundary.
Proposal 5: The reference point of starting symbol index in time-domain resource allocation field is defined relative to the start of the slot for PDSCH/PUSCH mapping Type A or the corresponding PDCCH scheduling PDSCH or PUSCH for PDSCH/PUSCH mapping Type B, respectively. 

3. Text proposals on 38.214

[bookmark: _Toc500966059]5.1.2.1	Resource allocation in time domain
When the UE is scheduled to receive PDSCH by a DCI, the Time-domain PDSCH resources field of the DCI provides a row index of an RRC configured table [pdsch-symbolAllocation], where the indexed row defines the slot offset K0, the start and length indicator SLIV, and the PDSCH mapping type to be assumed in the PDSCH reception.
-	The slot allocated for the PDSCH is determined by K0 of the indexed row n+K0, where n is the slot with the scheduling DCI, K0 is based on the numerology of PDSCH, and
-	The starting symbol S relative to [the start of the slotReference time position], and the number of consecutive symbols L counting from the symbol S allocated for the PDSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PDSCH mapping type is set to Type A or Type B as defined in sub-clause 7.4.1.1.2 [4, TS 38.211] as given by the indexed row.
   ○ Reference time position is the start of the slot for Type A or the corresponding PDCCH scheduling PDSCH resources for Type B.
When the UE is configured with aggregation-factor-DL > 1, the same symbol allocation is applied across the aggregation-factor-DL consecutive slots not defined as UL by the slot format indication.

[bookmark: _Toc500966061]5.1.2.2.1	Downlink resource allocation type 0
In downlink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter [RBG size configuration downlink] and the size of the carrier bandwidth part as defined in Table 5.1.2.2.1-1.
Table 5.1.2.2.1-1: Nominal RBG size P
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	[1st Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[2nd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[3rd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[4th Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	
	
	
















The total number of RBGs () for a downlink carrier bandwidth part of size PRBs is given by  where of the first RBGs are is of size P and the last RBG is of size  if  or of size P if and other RBGs are of size Pif  then one of the RBGs is of size .  The bitmap is of size bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency and non-increasing RBG sizes starting at the lowest frequency of the carrier bandwidth part. The order of RBG bitmap is such that RBG 0 to RBG are mapped from MSB to LSB. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

[bookmark: _Toc500966109]6.1.2.1	Resource allocation in time domain
 When the UE is scheduled to transmit PUSCH by a DCI, the Time-domain PUSCH resources field of the DCI provides a row index of an RRC configured table [pusch-symbolAllocation], where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be applied in the PUSCH reception.

[bookmark: _Hlk497992508]-	The slot where the UE shall transmit the PUSCH is determined by K2 of the indexed row as  where n is the slot with the scheduling DCI, K is based on the numerology of PUSCH, and
-	The starting symbol S relative to [the start of the slotReference time position], and the number of consecutive symbols L counting from the symbol S allocated for the PUSCH are determined from the start and length indicator SLIV of the indexed row:

if  then


else 



where, and
-	The PUSCH mapping type is set to Type A or Type B as defined in [38.211 Subclause 6.4.1.1.3] as given by the indexed row.
○ Reference time position is the start of the slot for Type A or the PDCCH scheduling PUSCH resources for Type B.

[bookmark: _Toc500966111]6.1.2.2.1	Uplink resource allocation type 0
In uplink resource allocation of type 0, the resource block assignment information includes a bitmap indicating the Resource Block Groups (RBGs) that are allocated to the scheduled UE where a RBG is a set of consecutive physical resource blocks defined by higher layer parameter RBG-size-PUSCH and the size of the carrier bandwidth part as defined in Table 6.1.2.2.1-1.
Table 6.1.2.2.1-1: Nominal RBG size P
	Carrier Bandwidth Part Size
	Configuration 1
	Configuration 2

	[1st Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[2nd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[3rd Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]

	[4th Range of RBs]
	P = [one of {2, 4, 8, 16}]
	P = [one of {2, 4, 8, 16}]















The total number of RBGs () for a uplink carrier bandwidth part of sizePRBs is given by where of the RBGs are of size P and if  then one of the RBGs is of size  the first RBG is of size  and the last RBG is of size  if  or of size P if and and other RBGs are of size P.  The bitmap is of size bits with one bitmap bit per RBG such that each RBG is addressable. The RBGs shall be indexed in the order of increasing frequency of the carrier bandwidth part and non-increasing RBG sizes starting at the lowest frequency. The order of RBG bitmap is such that RBG 0 to RBG are mapped from MSB to LSB of the bitmap. The RBG is allocated to the UE if the corresponding bit value in the bitmap is 1, the RBG is not allocated to the UE otherwise.

4. Conclusion
In this contribution, we discuss resource allocation. Our proposals are as follows:
Proposal 1: RBG grouping is applied based on common RB indexing. 
Proposal 2: The number of RBGs within a given BWP i is given by . 
· The first RBG size within a carrier bandwidth part is given by 
· The last RBG size is given by  if , otherwise P
· Other RBGs are of size P. 
Proposal 3: For interleaved VRB-to-PRB mapping, physical resource block associated with virtual resource block bundle needs to be aligned with PRG in boundary.
Proposal 4: For TBS determination for CBG-based retransmission, 
· Option 1: Scaling factor can be used to derive TBS. The value of scaling factor is N/M where N is the total bit field size of CBGTI, and M is the number of the scheduled CBGs. 
· Option 2: TBS of CBG-based retransmission is given by DCI scheduling TB-level initial transmission. 
Proposal 5: The reference point of starting symbol index in time-domain resource allocation field is defined relative to the start of the slot for PDSCH/PUSCH mapping Type A or the corresponding PDCCH scheduling PDSCH or PUSCH for PDSCH/PUSCH mapping Type B, respectively. 
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