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Introduction
[bookmark: _GoBack]In this contribution, we discuss NR resource allocation design issues. We address transport block size determination in Section 2, time domain resource allocation in Section 3 and frequency domain resource allocation in Section 4.
Transport Block Size Determination
In RAN1 #90, the following agreements and work assumption on the determination of transport block size (TBS) were reached:
Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)
Agreements:
· Single maximum TB size is defined for the reference case, and is not exceeded.
· Reference case is a slot with 14 symbols.
Agreements:
· RAN1 strives for finding TBS determination by using a formula
· The formula has following as parameters:
· The number of layers the codeword is mapped onto
· Time/frequency resource the PDSCH/PUSCH is scheduled
· Opt.1: The total number of REs available for the PDSCH/PUSCH
· Opt.2: Reference number of REs per slot/mini-slot per PRB and the number of PRB(s) for carrying the PDSCH/PUSCH
· FFS: Details of reference number
· FFS: for the case of more than one slot
· Modulation order
· Coding rate
· RAN1 should also consider at least the following:
· Whether the system can work without ensuring to enable giving the knowledge for decoding the re-transmission without the knowledge of initial transmission
· Ensuring to enable the same TBS between initial transmission and re-transmission with the same/different number of PRBs or the same/different number of symbols in some cases
· Code-block segmentation
· TBS determination for specific packet sizes (e.g., VoIP, etc)
· TBS determination for specific services (e.g., URLLC, etc)
· Possibility of decoupling the coding rate and modulation order for some cases
· Note: Byte alignment is required
· Note: in addition to the formula, table(s) may be needed to determine the TBS value
In this section, we further address the TBS determination design considerations.
For NR PDSCH or PUSCH, the basic design is to derive a transmission data block size  to be carried over the scheduled resources via signalled parameters:

where  is the number of layers the codeword is mapped onto,  is the modulation order,  is the code rate,  is the number of allocated PRBs and  is the number of REs per slot/mini-slot available per PRB for carrying the DL- or UL-SCH.
For ease of decoder implementation, the exact number of bits may be adjusted from this transmission block size to achieve, e.g., byte-aligned transport block size and equal-size code blocks:
if    
	Number of code blocks: 
Transport block size (TBS):  	(bits)
else
	Number of code blocks:
Transport block size (TBS):  	(bits)
end if

If the transmission data block size or transport block size is computed based on actual number of available REs in that scheduling instance, then the same determination process cannot ensure the same TBS for retransmissions scheduled in another instance. This is because of the time-varying presence of the signals that can take away resources for DL- or UL-SCH. Examples include TRS, PTRS, CSI-RS, etc. Under this framework, the gNB and UE will calculate a different TBS than the initial transmission even the gNB allocates the same number of PRBs over the same number of OFDM symbols.
Therefore, in the above proposal, the transmission data block size or transport block size is computed not based on actual number of available REs present in the allocated frequency and time resources. It is rather determined via the configured or signalled parameter . The purpose of this design is to ensure the same TBS can be used and signalled reliably for retransmission. 

Proposal 2-1 To ensure the same TBS can be used and signalled reliably for retransmissions, TBS is determined based on configured/signalled reference parameter of available frequency/time resources. 

Furthermore, the  reference parameter can be used in NR to support various slot/mini-slot/PDSCH lengths and different service payloads via flexible configuration or L1 signaling. Examples that can be considered are:
· A default  value may be defined in specs and can be applicable to, e.g., system information, paging and random access reply transmissions. For this purpose,  or  can be considered for 14-OS slot PDSCH and  can be considered for 14-OS PUSCH.
· Some default  values for different PDSCH/PUSCH transmission lengths can be specified in the specification.
· The network can configure the UE to apply a specific  to the PDSCH/SCH.
· The network can configure a set of  values (e.g., four values) to the UE. The DCI then contains an index to instruct the UE to apply one of the pre-configured  value for the scheduled PDSCH/PUSCH.
· This approach can also address the two opposite uses of slot aggregation in a unified signaling approach. 
· One use of slot aggregation is to extended coverage via transmitting a normal TBS over more than one slot. For this use, the same  as regular slot-based scheduling can be used.
· Another use of slot aggregation that has been discussed by proponents is to reduce signaling overhead by scheduling a larger TBS that can be carried over  slots. For this use, a  that is  times larger than regular slot-based scheduling can be used. It should however be pointed out that the larger TBS may exceed the agreed max TBS. Furthermore, multi-slot scheduling can achieve the same purpose while not violating the max TBS and, at the same time, allows more HARQ-ACK resolution in the time domain.
· If code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a  value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.

[bookmark: _Hlk492737905]Proposal 2-2 The reference parameter of available frequency/time resources can be semi-statically configured or L1 signalled to support different scheduling unit sizes and/or different service requirements.

Certain important services are expected to generate large number of packages in the system. For instance, voice over IP (VoIP) service is expected to be one of the main application cases also in NR. Possible sizes from the VoIP service include, for instance, 144, 176, 208, 224, 256 and 328 bits. It is beneficial for the system to handle these specific packet sizes specifically to optimize performance of the system and the specific services. 
The TBSs calculated based on the above proposal can be close to these sizes and match them in certain cases. However, an explicit optimization can be considered. For instance, it may be worthwhile to over-write some combinations of   and  to these specific sizes. One possible such solution is shown in Table 3.
Table 1 Explicit mapping of VoIP packet size for some combinations of   and .
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Proposal 2-3 For important services expected to generate large number of packages in the system, explicit optimization of the TBS to handle these specific sizes is considered.
Time Allocation
For NR, data transmission may occupy (almost) all OFDM symbols in a slot or, in case of a mini-slot transmission, only some of them. Data may also span multiple slots in case of slot aggregation.  These possibilities can be handled in a unified way by including information in the DCI about the PUSCH and PDSCH the starting and ending position. To limit the DCI overhead while at the same time provide some flexibility one possibility is to have e.g. 3 bits in the DCI pointing into different combinations of starting and ending positions. 
The combinations should also be aligned with OFDM symbol positions given by SFI (slot format indicator) in group common PDCCH (e.g. the combinations shown in [1]). For DL, the reference for starting and ending positions should be with respect to the first OFDM symbol of the PDCCH carrying the corresponding DCI. Some starting positions may be -ve values to accommodate the cases where PDSCH starts before the symbol in which PDCCH coreset is configured. To limit UE buffering requirements, only limited -ve values should be allowed (e.g. only -2, -1). 
If more flexibility is required, the combinations of starting and ending positions can be modified by RRC. However, at least one set of combinations should be predefined in the specifications to avoid ambiguities while RRC reconfiguration. To handle slot aggregation, some of the starting and ending position combinations can correspond to an ending position in a subsequent slot.  
Proposal 3-1
· The DCI contains a bitfield that (together with RRC configuration) defines the starting and ending OFDM symbol within a slot.
· When slot aggregation/repetition is applied, the UE assumes the same time resource allocation in slots wherein the transmission is repeated. 
To have more efficient the signalling in DCI message it would be possible to make the bit fields in the DCI message depending on which CORESET the DCI is transmitted from. This to allow more appropriate options of configurations of the starting and stop OFDM symbols for PDSCH and PUSCH. 
Proposal 3-2
· The bitfield in the DCI message indicating the starting and ending OFDM symbol within a slot is configured separately per CORESET 
[bookmark: _Hlk490050767]Further for UL and DL in some cases there would be a need to define in which slot the transmission of PUSCH or PDSCH should occur in. Such information could either be a separate bitfield or be jointly encoded with the starting and ending position. It is noted here however that to be able to support rather long periods of UL slot there would be a need for around 4 bits to support these cases. Similar need does not strictly exist for DL as in DL a DCI message can be provided in each DL slot so for DL the information could be joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 
Proposal 3-3
· For PUSCH transmissions, an bitfield of up to 4 bits is introduced in the DCI message to indicate which UL slot the PUSCH is transmitted within
· [bookmark: _Hlk490050796]For PDSCH, indication of which DL slot the PDSCH is transmitted is either joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 
Frequency Allocation
[bookmark: _Hlk489949347]In previous RAN1 meetings, the following agreements on resource allocation in the frequency domain [1] a large set of agreements were reached.
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.

There are mainly two aspects to be discussed related to the frequency resource allocation that is how to determine the RBG size (and indexing/numbers of RBGs) for DL/UL RA type 0 and the granularity for DL/UL RA type 1. There would be need to discuss the general indexing of PRBs although this is a general discussion also applicable for main other aspects than resource allocation. This we are discussing in general in the bandwidth parts discussions [2]. Lastly there is also a need to discuss the applicable DCI formats for each resource allocation scheme in frequency, this should however be discussed when it is clear which DCI formats exist as such in a general discussion.
RBG size determination
On the last RAN1 meeting there was 5 different options outlined for the how to determine the RBG sizes. The options were further not limiting for new possibilities as well. Here we try to analyse the highlighted options at least. 
Option 1: The size of the resource allocation is semi-statically configured. This means that the DCI format size does not change if the BW part that is scheduled is changed. Consequently, this could then save blind decodes if the UE is assumed to be using the same search space and exact resource elements when the scheduled BW part changes. This is typically the case if the UE is operating with a single BW part at a given time and the UE switches between a BW part that correspond to a smaller scheduled BW to a BW part with a larger scheduled BW. For this to be affective however the corresponding PDCCH needs to completely overlap between the two BW parts. This may not be the case in practise in many cases as with a larger BW comes also larger scheduling flexibilities and hence the corresponding location of PDCCH may change which would then result in that there is no purpose of having the same size of the DCI message between two different BW parts. Then having the size configurable by RRC will just lead to unnecessary flexibility in the operations of NR and a more complex system. 
Option 2: Semi-statically configured RBG size(s) per BWP for deriving number of RBGs. The background to option 2 is similar to option 1 and also suffers from the exact same problem and drawback and is hence not therefor preferred. 
Option 3: DCI format/DCI format size (e.g. a compact DCI may be with a larger RBG size than a normal DCI). This is strongly linked to which DCI message the UE monitors and cannot only be the single option as it will not work. In that sense, it is not a complete proposal. Further an aspect to consider is that DL/UL RA type 1 was introduced to support a smaller DCI message size and should be the first option to consider for such DCI message. 
Option 4: Transmission durations (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one). Similar to option 3 this would in itself not be complete proposal as such some other options would always be needed on top of this to get a working design in the end. Before continuing down this road it would also be good to understand better how the design format design is done as such. It is further not clear either that there will be that many aspects that differs in the DCI format design for different allocation lengths of the PDSCH/PUSCH.
Option 5: RBG size is determined depending on the size of the BWP. This is an extension of the how to determine the RBG size from LTE but just instead of doing it from the system bandwidth it is done from the bandwidth part directly. 
Proposal 4-1
· RBG size is determined depending on the size of the BWP for DL/UL RA type 0.
Granularity for DL/UL RA type 1
The second aspect to discuss was further if the granularity for the DL/UL RA type 1 should be something different 1 PRB. This question can for now be left open until the it is clear what the DCI format message size is exactly and if the size needs to be decreased this is one option to proceed on as way to achieve a more compact DCI message.
Proposal 4-2
· Await the DCI format design before agreeing to granularity of the DL/UL RA type 1 that is different than 1 PRB.
Conclusions
We propose the following:
Regarding TB size determination 
· Proposal 2-1 To ensure the same TBS can be used and signalled reliably for retransmissions, TBS is determined based on configured/signalled reference parameter of available frequency/time resources
· Proposal 2-2 The reference parameter of available frequency/time resources can be semi-statically configured or L1 signalled to support different scheduling unit sizes and/or different service requirements
· Proposal 2-3 For important services expected to generate large number of packages in the system, explicit optimization of the TBS to handle these specific sizes is considered

Regarding Time Domain RA 
· Proposal 3-1 The DCI contains a bitfield that (together with RRC configuration) defines the starting and ending OFDM symbol within a slot. When slot aggregation/repetition is applied, the UE assumes the same time resource allocation in slots wherein the transmission is repeated. 
· Proposal 3-2 The bitfield in the DCI message indicating the starting and ending OFDM symbol within a slot is configured separately per CORESET 
· Proposal 3-3 For PUSCH transmissions, an bitfield of up to 4 bits is introduced in the DCI message to indicate which UL slot the PUSCH is transmitted within. For PDSCH, indication of which DL slot the PDSCH is transmitted is either joint coded with the location information within the slot or a single bit could be introduced to indicate scheduling in the next preceding slot. 

Regarding Frequency Domain RA 
· [bookmark: _In-sequence_SDU_delivery]Proposal 4-1 RBG size is determined depending on the size of the BWP for DL/UL RA type 0.
· Proposal 4-2 Await the DCI format design before agreeing to granularity of the DL/UL RA type 1 that is different than 1 PRB.
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