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Introduction
In the last RAN1 meeting, compact contiguous resource allocation schemes based on LTE DL RA Type 2 and LTE UL RA Type 0 were agreed for Rel-15 in NR. However, the remaining issues are how to take into account the BW parts and whether a coarser granularity (i.e. more than 1RB) of the RA is needed in order to reduce the overhead further. 
Furthermore, it was agreed that for PDSCH/PUSCH with RA Type 0 bitmap, the RBG size/number can be changed along with the change of the BWP used for resource allocation, and several options were listed to determine the RBG size and number of RBGs in a bandwidth part. 
Let’s first recap on a number of relevant RAN1 agreements as follows:
Agreements:
· In frequency-domain, for PUSCH with DFT-s-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is adopted in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PDSCH in NR, a resource allocation scheme based on LTE DL RA Type 2 is supported in Rel. 15.
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· In frequency-domain, for PUSCH with CP-OFDM waveform in NR, contiguous resource allocation scheme based on LTE UL RA Type 0 is supported in Rel. 15
· FFS:
· A coarser granularity (i.e. more than 1RB) of resource assignment in order to reduce the overhead further  
· BW parts
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PDSCH.
· A DCI format with resource allocation based on LTE DL RA type 0 (i.e., bit-map) is supported for PUSCH with CP-OFDM waveform.
· A DCI format with resource allocation based on LTE DL RA type 2 is supported for PDSCH.
· A DCI format with resource allocation based on LTE UL RA type 0 is supported for PUSCH with CP-OFDM waveform and with DFT-s-OFDM waveform.
· FFS: some or all of the above DCI formats have the same DCI payload size.

Agreements:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
· FFS: If one or multiple of following option(s) is/are also used for RBG size/number determination:
· Opt. 1: Semi-statically configured size of Type0 RA bitmap 
· Number and size of RBGs for a RA is determined based on size of BWP and the size of the bitmap.
· Opt. 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs
· Number of RBGs in the BWP is determined by size of the BWP and the configured/indicated RBG size(s). 
· FFS: Dynamic switching of RBG size(s). 
· Opt. 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
· Opt. 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one).
· Opt. 5: RBG size is determined depending on the size of the BWP.
· Other options are not precluded.


Agreements:
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
Agreement:
· In configuration of a BWP
· A UE is configured with BWP in terms of PRBs 
· The offset between BWP and a reference point is implicitly or explicitly indicated to UE
· FFS for reference point, e.g., center/boundary of NR carrier, channel number used for sync. and/or channel raster, or center/boundary of RMSI BW, center/boundary of SS block accessed during the initial access, etc.
Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer, 
· FFS: according to configured time pattern

In this contribution, we first discuss the remaining issues of the contiguous RA schemes such as how to take into account the BW parts and whether a coarser granularity (i.e. more than 1RB) of the RA is needed in order to reduce the overhead further. We also provide more details on the non-contiguous RA schemes such as how to determine the RBG sizes and number of RBGs in a bandwidth part, and we provide some observations and proposals at the end. 

Bandwidth Parts
For the bandwidth parts, we already have an agreement stating that for a UE not capable of supporting the carrier bandwidth, the resource allocation (RA) can be derived based on a two-step frequency-domain assignment processes where 1st step is to indicate the bandwidth part and the 2nd step is to indicate the PRBs within the bandwidth part by employing a UE-specific PRB indexing. However, the 1st step has at least two options as discussed under the “Activation/deactivation of DL and UL bandwidth parts” in the “Wider bandwidth operations” agenda. These two option are “dedicated RRC signaling” and DCI/ MAC CE signaling (see agreements captured in section 1). Regardless which option is chosen in the future meetings, we should assume a UE will be informed about the bandwidth part using one of these two options as discussed in our accompanying contribution [3]. Furthermore, it is understood that a UE knows how many PRBs contains in a BWP after its configuration based on RAN1 agreement saying that “a UE is configured with BWP in terms of PRBs”.

Observation 1: For the activation/deactivation of DL and UL bandwidth parts, current RAN1 agreements and future discussions in “Remaining details of bandwidth parts” agenda should be followed.

For the case of common PRB indexing for the UEs sharing a wideband carrier, it is agreed that the PRB indexing from network perspective is with respect to a reference point. In our view, this reference point can be signaled and included in the RMSI, for example the starting PRB index (i.e. an offset) of the decoded NR-PBCH based on PRB indexing from network perspective as shown on Figure 1. Hence the UE can take this information as a reference point for determining a global PRB indexing from network perspective.
[image: ] 
Figure 1. The decoded NR PBBCH from network perspective.

Proposal 1: A UE should be signalled about the location (i.e. an offset of starting PRB index) of the decoded NR-PBCH BW from network perspective via RMSI, and
· Then UE should determine the global PRB indexing for each SCS starting from the lowest frequency of the network channel bandwidth.

Contiguous RA schemes
In the last meeting of RAN1 NR Adhoc#2, RAN1 agreed that contiguous resource allocation schemes based on LTE DL RA Type 2 and LTE UL RA Type 0 are supported in Rel-15 for NR. However, the remaining issue is whether a coarser granularity (i.e. more than 1RB) of the RA is needed in order to reduce the overhead further. 



If we assume carrier bandwidths of 275 PRBs and 550 PRBs, when applying 1 PRB granularity, the total signalling overhead is given by which is 17 bits and 19 bits respectively. However, if we apply a coarser granularity for the RA without impacting the scheduling flexibility, for example the concept of RBG, the signalling overhead can be reduced further, and if we assume RBG size () of 16, the signalling overhead is 9 bits and 11 bits for carrier bandwidths of 275 PRBs and 550 PRBs respectively where the overhead calculation is given by bits. Therefore, we think a coarser granularity of the RA is necessary in order to reduce the signalling overhead further.
Currently RBG sizes are at least 2, 4, 8, and 16. So, if only large RBG sizes are used for contiguous resource allocation scheme based on LTE UL RA Type 0 for the sake of reducing the signalling overhead, then, there will be an impact on scheduling flexibility, for example it will not be possible to allocate a smaller number of PRBs such as 1PRB, 3PRBs, etc., and the allocation would only be a multiple of RBG sizes. Therefore to avoid such scheduling restrictions, the resource allocation should be designed in such a way that in one slot it should be possible to schedule almost the full bandwidth part/carrier bandwidth using a coarser granularity and in the next slot to schedule a smaller number of PRBs with finer granularity while the RA overhead stays the same. To achieve that, we propose that the RBG size should be changed dynamically as follows:





Let  be the number of PRBs in a bandwidth part for a given subcarrier spacing, let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing supports (see Table 3), then the total number of RBGs is given by, and the signalling overhead is calculated asbits. In addition, a header is needed to indicate the dynamic switching of the RBG sizes as a part of the RA scheme. The signalling overhead of the header is bits.

In case = 16, Table 1 and 2 show that a 5-bit header would be needed in order to choose one out of 31 possible allocations arising from dynamic switching of the RBG sizes while keeping the RA overhead the same.

Table 1. Bandwidth part of = 275 PRBs
	Number of PRBs


	RBG size 

()
	
Number of RBGs 
	Signalling overhead


	Number of sub-bands to be allocated for each RBG size

	275
	
 = 16
	18
	9 bits
	1

	275
	8
	18
	9 bits
	2

	275
	4
	18
	9 bits
	4

	275
	2
	18
	9 bits
	8

	275
	1
	18
	9 bits
	16

	
	
	
	
	Total number of allocations = 31




Table 2. Bandwidth part of = 550 PRBs
	Number of PRBs


	RBG size 

()
	
Number of RBGs 
	Signalling overhead


	Number of sub-bands to be allocated for each RBG size

	550
	
 = 16
	18
	11 bits
	1

	550
	8
	18
	11 bits
	2

	550
	4
	18
	11 bits
	4

	550
	2
	18
	11 bits
	8

	550
	1
	18
	11 bits
	16

	
	
	
	
	Total number of allocations = 31



 Table 3. Maximum RBG size for different bandwidth part sizes (Note: these values can be revised if necessary)
	
System Bandwidth/ Bandwidth Part size ()
	
Max RBG Size ()
	Supported RBG sizes for dynamic switching

	≤100
	1
	1

	101 – 150
	2
	1, 2

	151 – 200
	4
	1, 2, 4

	201 – 250
	8
	1, 2, 4,8

	251 – 
	16
	1, 2, 4,8,16




Proposal 2: For contiguous resource allocation schemes in NR, for a given bandwidth part size with a subcarrier spacing (SCS), the maximum RBG size () should be given by Table 3.
Proposal 3: For contiguous resource allocation schemes in NR, dynamic switching of the RBG sizes should be supported as follows:
· 
Let  be the number of PRBs in a downlink/uplink bandwidth part for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing can support (as in Table 3)
· 
Then the total number of RBGs is, and  
· 


The total number of RA signalling bits is given bybits, where  is for dynamic switching of the RBG sizes and is given by bits.


Non-contiguous RA schemes
In the last meeting of RAN1 NR Adhoc#2, RAN1 agreed that agreed that for PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation, and several options were listed to determine the RBG size and number of RBGs in a bandwidth part. In our view, the maximum RBG size should be defined depending on the size of the BWP and any RBG size less than or equal to the maximum RBG size should be supported in the same BWP by dynamically switching the RBG sizes within the DCI format. The reason is to provide scheduling flexibility which allows to schedule PDSCH/PUSCH with large RB allocation with coarser granularity as well as small RB allocation with finer granularity in dynamic manner, e.g. scheduling a slot with full or almost full bandwidth and scheduling next slot with one or a few RBs. 
Hence, our view is aligned with slight modification of Option 5:
· Maximum RBG size is determined depending on the size of the BWP
· Dynamic switching of RBG sizes less than the maximum RBG size is supported

The above modified Option 5 can be implemented as described below:




Let  be the number of PRBs in a downlink bandwidth part for a given subcarrier spacing, and let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing is configured, then the total number of bits in a bit-map scheme will bebits. 

The maximum RBG size () is dependent on the size of the BWP and can be captured in a table as follows:

Table 4. Maximum RBG size for different bandwidth part sizes (Note: these values can be revised if necessary)
	
System Bandwidth/ Bandwidth Part size ()
	
Max RBG Size ()
	Supported RBG sizes for dynamic switching

	≤15
	1
	1

	16 – 50
	2
	1, 2

	51 – 100
	4
	1, 2, 4 

	101 – 200
	8
	1, 2, 4, 8

	201 – 
	16
	1, 2, 4, 8, 16






In case = 16, Table 5 and 6 show that a 5-bit header would be needed as there are 31 possible allocations arising from dynamic switching of the RBG size while keeping the RA overhead the same. Again the signalling overhead of the header is bits.


Table 5. Bandwidth part of = 275 PRBs
	Number of PRBs


	
RBG size ()
	
Bit-map size 
	Number of sub-bands to be allocated for each RBG size

	275
	
 = 16
	18
	1

	275
	8
	18
	2

	275
	4
	18
	4

	275
	2
	18
	8

	275
	1
	18
	16

	
	
	
	Total number of allocations = 31




Table 4. Table 6. Bandwidth part of = 550 RBs
	Number of PRBs


	
RBG size ()
	
Bit-map size 
	Number of sub-bands to be allocated for each RBG size

	550
	
 = 16
	35
	1

	550
	8
	35
	2

	550
	4
	35
	4

	550
	2
	35
	8

	550
	1
	35
	16

	
	
	
	Total number of allocations = 31




Proposal 4: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), for a given bandwidth part size with a subcarrier spacing (SCS), the maximum RBG size () should be given by Table 4.

Proposal 5: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), adopt the following:
· 
Let  be the number of PRBs in a downlink/uplink bandwidth part for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing can support 
· 


Then the total number of bits in a bit-map scheme isbits where is for dynamic switching of the RBG sizes and is given by bits.


Conclusion
In this contribution, we have discussed the remaining issues of the contiguous and non-contiguous RA schemes for NR and we have the following observation and proposals:
Observation 1: For the activation/deactivation of DL and UL bandwidth parts, current RAN1 agreements and discussions in “Wider bandwidth operations” agenda should be followed.

Proposal 1: A UE should be signalled about the location (i.e. an offset of starting PRB index) of the decoded NR-PBCH BW from network perspective via RMSI, and
· Then UE should determine the global PRB indexing for each SCS starting from the lowest frequency of the network channel bandwidth.


Proposal 2: For contiguous resource allocation schemes in NR, for a given bandwidth part size with a subcarrier spacing (SCS), the maximum RBG size () should be given by the following table:
Table 3. Maximum RBG size for different bandwidth parts (Note: these values can be revised if necessary)
	
System Bandwidth/ Bandwidth Part size ()
	
Max RBG Size ()
	Supported RBG sizes for dynamic switching

	≤100
	1
	1

	101 – 150
	2
	1, 2

	151 – 200
	4
	1, 2, 4

	201 – 250
	8
	1, 2, 4,8

	251 – 
	16
	1, 2, 4,8,16


    (Note: XL stands for UL or DL).

Proposal 3: For contiguous resource allocation schemes in NR, dynamic switching of the RBG sizes should be supported as follows:
· 
Let  be the number of PRBs in a downlink/uplink bandwidth part for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing can support (as in Table 3)
· 
Then the total number of RBGs is, and  
· 


The total number of RA signalling bits is given by bits, where  is for dynamic switching of the RBG sizes and is given by bits.


Proposal 4: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), for a given bandwidth part size with a subcarrier spacing (SCS), the maximum RBG size () should be given by the following table:
Table 4. Maximum RBG size for different bandwidth parts (Note: these values can be revised if necessary)
	
System Bandwidth/ Bandwidth Part size ()
	
Max RBG Size ()
	Supported RBG sizes for dynamic switching

	≤15
	1
	1

	16 – 50
	2
	1, 2

	51 – 100
	4
	1, 2, 4 

	101 – 200
	8
	1, 2, 4, 8

	201 – 
	16
	1, 2, 4, 8, 16




Proposal 5: For DL/UL RA with Bit-map scheme (PDSCH/PUSCH with CP-OFDM waveform), adopt the following:
· 
Let  be the number of PRBs in a downlink/uplink bandwidth part for a given subcarrier spacing 
· 
Let  be the maximum RBG size that a bandwidth part for a given subcarrier spacing can support 
· 


Then the total number of bits in a bit-map scheme isbits where  is for dynamic switching of the RBG sizes and is given by bits.
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