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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the previous meeting, resource allocation were discussed and some agreements were achieved [1].
· The set of RBG size includes at least 2, [3,] 4, [6,] 8, 16
· FFS: necessity of other RBG sizes
· RBG size may or may not depend on the number of symbols for data
· 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.

· NR supports some combinations of following:
· For the purpose of designing time-domain resource allocation scheme from UE perspective, assuming no prior information of DL/UL assignment, scheduling DCI informs the UE of the time-domain information of the scheduled PDSCH or PUSCH
· Following is informed to the UE:
· One-slot case:
· Starting symbol and ending symbol in the slot.
· Which slot it applies to
· Multi-slot case:
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
· Non-slot (i.e., mini-slot) case:
· Starting symbol and ending symbol
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
· Scheduling DCI with and without time domain field is supported
· Note: the starting symbol is the earliest symbol of the PDSCH or PUSCH including DMRS symbol in the case of PUSCH in a slot, FFS: PDSCH
· Note: the ending symbol is the latest symbol of the PDSCH or PUSCH in a slot
· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
· FFS: which are valid combinations
· FFS: handling of semi-static UL/DL and SFI assignment
In this contribution, we share our views on resource allocation in NR, including the following aspects
· Frequency domain resource allocation
· Time domain resource allocation
· TBS and MCS determination
2. Frequency domain Resource allocation 
2.1. The set of RBG size
LTE adopts the system BW dependent RBG size. And the system BW is cell-wide common for all UEs in that cell. On the contrary, the maximum BW for one component carrier in NR would be 400MHz and is UE-specific configured, which leads to different BW from different UEs. Hence, for the design of RBG size, two aspects shall be considered, e.g. the signalling overhead of resource allocation and the compatibility of different RBG size[2-3]. 
For a frequency region up to 400MHz, DCI payload size may not be tolerable if scheduling overhead increases linearly according to the BW. The scaled RBG size according to the number of RBs within the configured BWP can be a considered as a candidate approach in order to reduce the overhead. RBG size of 110RBs BW can be considered as a starting point like LTE system. RBG size of different BWPs can be scaled based on the RBG size of 110RBs. 
As shown in Table 1, RBG sizes are directly proportional to the total number of RBs within the configured BWPs. Resource allocation can base on the proportional extension of RBG size. This method can avoid the significant increase of DCI payload with the larger bandwidth. The fixed RA size can maintain the comparable DCI payload. Secondly, the fixed RA size can avoid changing DCI size frequently for both gNB and UE sides. 
Table 1 RBG size corresponding to different BWPs
	RBG size
	Total number of RBs within the configured BWP

	2
	55 RBs

	4
	110 RBs

	8
	220 RBs

	12
	330 RBs

	16
	440 RBs

	20
	550 RBs


In NR, gNB can operate simultaneously as wideband BWPs for some UEs and as a set of BWPs similar to CA for other UEs. The compatibility of RBG sizes should be considered. In addition, in LTE and NR co-channel co-existence scenario, LTE RBG sizes can be considered for NR RBG size design for better resource multiplexing between two RATs. In NR system, UEs with different BWPs may use different RBG granularity. Both small and large RBG size coexists. Resource fragment due to the difference of RBG size should be avoided from efficient resource utilization perspective. RBG sizes design based on proportional extension can achieve the ‘compatible’ RBG size. The UEs with smaller RBG size can be scheduled with more number of RBGs to align the larger RBG size. In this condition, ‘resource holes’ can be avoided. 
Proposal 1: Design of RBG size should consider the multiplexing of different RBG size and the efficient multiplexing of different RAT, i.e. LTE and NR co-channel. 
Proposal 2: The set of RBG size at least includes 2, 4, 8, 12, 16, 20, and the corresponding total number of RBs within the configured BWP is 55, 110, 220, 330, 440, 550 RBs as shown in Table 1.
2.2. The determination of RBG size and number 
The number and size of RBG is related to DCI payload. The five options are provided as following in previous meetings.
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.
UEs can implicitly derive the number and size of RBGs according to the size of BWPs and the configured RA bits. For this option, DCI payload can keep fixed regardless of the different BWP configuration. No more blind decoding attempts are introduced. But, for URLLC service and system information delivery, probably a larger size of RBG is required, if RA type 0 is to be used in these scenarios. A larger RBG size helps to reduce the DCI payload size and improves the PDCCH reliability. This option is not optimal for different service types. 
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). 
Multiple RBG sizes for a BWP can be configured. Number of RBGs is determined by size of the BWP and the configured/indicated RBG size(s). This option can include two sub-options: 
Option 2-1: the number of bits of RA field is fixed.
For this method, RBG size indication field can be included in DCI. The different RBG size can be indicated, which can be suitable to different service type, e.g. eMBB or URLLC service. DCI size keeps fixed and blind decoding complexity is not increased. When different RBG size is used, padding bit can occur in RA field.
Option 2-2: the number of bits of RA field is flexible.
When multiple numbers of RBGs is corresponding to the size of the BWP, the number of bits of RA field can vary. This option is like option 3. The configured number of RBGs is related to the number of DCI to be decoded. Different DCI size / format can be blindly decoding at UE side. The blind decoding complexity is larger. 
Opt. 3: The RBG size is DCI format/DCI format size dependent (e.g. a compact DCI may be with a larger RBG size than a normal DCI).
RBG size is determined by DCI size/format. UEs can decode a DCI format based on the configured RBG size assumption associated with it. This option increases blind decoding complexity. 
Opt. 4: The RBG size is transmission durations dependent (e.g. a shorter-duration transmission may be with a larger RBG size than a longer one)
In this option, RBG sizes are determined by transmission duration. For URLLC service, the larger RBG size can be used for achieving compact scheduling, which is useful for the reliability of transmission. When multiple transmission durations are defined, it can be further studied whether or not multiple sizes of RBG are needed.  However, considering the transmission duration may also being included in the DCI, it is still unclear how to handle transmission duration and RBG size jointly. And a dynamic RBG size may also have some impacts to the gNB scheduler, e.g., complexity. Further study may be required before we agree on this option.
Opt. 5: RBG size is determined depending on the size of the BWP.
For option 5, RBG sizes bases on the size of BWPs and could not be service type specific. However, UEs with less blind decoding capability can benefit from such simple rules. 
To sum up, considering the RBG size flexibility and different UE blind decoding capability, we prefer option 2,3,5 can be further considered, down selection or a combination of option 2,3,5 is FFS
Proposal 3: Option 2, 3, 5 can be further considered, down selection or a combination of option 2,3,5 is FFS.


(a)                                     (b)
 Figure.1 BWP portion within a BWP
For resource allocation for a BWP, BWP portion can be considered. As shown in Fig.1 (a), for a BWP corresponding to 100 PRBs, a RBG includes 4 PRBs. When UE is switched to a BWP with less BW, the fined scheduling granularity can be used. For example, when each BWP portion includes 25 PRBs, PRB level scheduling can be applied. This method can avoid the complexity of BWP definition. Flexible scheduling is achieved. An additional bitmap of portions indication can be included in DCI, which represents the usage of each BWP portion. Thus, it is preferred that BWP is divided into several BWP portions.
2.3. Fall-back operation of BWP activation/deactivation
DCI format 1A is used in LTE for fallback operation during reconfiguration, e.g., change of transmission mode. However in NR, more cases related to change of DCI payload size may need to be considered, e.g., 
· BWP activation/deactivation: considering the RA field length is related to the BWP parameters, e.g., frequency allocation, activation/ deactivation of another BWP may lead to different DCI payload size. 
In order to avoid different DCI size during activation/deactivation, a fallback operation could be considered similar to LTE. 
In LTE, a TM-independent DCI format 1A with DL RA Type 2 and TM-dependent DCI format with DL RA Type 0/1 is adopted. Such design can avoid any ambiguity during fallback mode.
Similar to LTE, NR can also adopt such mechanism during the BWP activation/deactivation. For example, a BWP-independent DCI format with DL RA Type 2 (Hereinafter referred to as ‘fallback DCI’) and a BWP-dependent DCI format with DL RA Type 0/1 (Hereinafter referred to as ‘normal DCI’) can be adopted.
If the RA field length is dependent to the total number of RBs in the BWP, then the payload size of  ‘normal DCI’ is changed during the BWP activation/deactivation. However, we propose to fix the payload size of ‘fallback DCI’ irrespective of the BWP. For example, the RA field length of ‘fallback DCI’ is fixed according to a fixed bandwidth. Table 2 shows the RA length with DL type 2 according to different fixed bandwidth. The RA length does not linearly increasing according to the bandwidth. Therefore the overhead can be acceptable. 
Table 2. RA length with DL type 2
	Total number of RBs in the BWP
	

	55 RBs
	11

	110 RBs
	13

	220 RBs
	15

	330 RBs
	16

	440 RBs
	17

	550 RBs
	18


Figure 2 shows the procedure during the BWP activation/deactivation. The UE monitors two DCI formats in the same time. Before the BWP activation/deactivation completion, UE monitors a normal DCI which corresponds to the previous BWP and a fallback DCI which is BWP independent. And after the BWP activation/deactivation completion, UE monitors a new normal DCI which corresponds to the new BWP and a fallback DCI which is BWP independent. The BWP activation/deactivation command (either L1 or MAC) can be triggered by the fallback DCI. 
Proposal 4: At least a fallback DCI with DL RA Type 2 and bandwidth independent RA field length is supported.
[image: ]
Figure 2. ‘Fallback DCI’ with DL RA type 2 can avoid any ambiguity during BWP activation/deactivation
3. Time domain Resource allocation
3.1. Slot aggregation based scheduling
For slot aggregation agreed in [1] as shown in Figure 3, if there is no prior information of DL/UL assignment, it is necessary to indicate the starting and ending of the transmission in the DCI. The three options selected for indication are as below :
· Opt.1: Starting symbol and ending symbol of each slot of the aggregated slots, and the starting slot and ending slot where it is applied to
· Opt.2: Starting symbol and ending symbol of a slot, and the starting slot and ending slot where it is applied to
· The starting symbol and ending symbol are applied to all the aggregated slots
· Opt.3: Starting symbol, starting slot, and the ending symbol and ending slot
For option 1, the starting symbol and ending symbol in each aggregated slot and the applied slots will all be indicated. This option brings the maximum flexiblity, but meanwhile leads to great overhead of the DCI signaling. Generally, it is not necessary to introduce such flexiblity in the aggregated transmission, otherwise, single slot scheduling can be applied instead of slot aggregation. For option 3, only the starting symbol, starting slot, ending symbol and endling slot are inicated. The DCI signaling overhead is low but the transmission information of the other aggregated slots are not clear. Option 2 is a trade-off bewteen the signaling overhead and the indication flexibility. All the aggregated slots apply the same scheudling starting symbol and ending symbol. The signaling overhead remains in an acceptable level. Therefore, option 2 is prefered for slot aggregation indication.


Figure 3. slot aggregation
Regarding the starting slot in the slot aggregation, a UE can be indicated by DCI to determine the starting slot/symbol for DL and UL, by PDCCH to PDSCH timing and PDCCH to PUSCH timing, respectively. No additional information is necesary. Regarding the ending slot of the aggregated slots, in order to reduce the signaling overhead, it is prefered to inicate the ending slot relative to the starting slot, i.e. the duration of the slot aggregation transmission in the number of slots.
Proposal 5: Starting symbol and ending symbol of a slot should be indicated in the DCI, the starting symbol and ending symbol are applied to all the aggregated slots.
Proposal 6: The starting slot and symbol is indicated by DCI with PDCCH to PDSCH/PDCCH to PUSCH timing indication. The number of aggregated slot is indicated additionally by DCI or RRC. 
3.2. Mini-slot based scheduling
For the non-slot or mini-slot based scheduling, the starting symbol and ending symbol should be indicated. However, the details of the starting symbol and the ending symbol are not decided yet. There are two options for both of them.
· FFS: starting symbol is:
· Opt.1: Starting symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the start of the PDCCH where scheduling PDCCH is included
· FFS: ending symbol is:
· Opt.1: Ending symbol of a slot
· UE is also informed of which slot it applies to
· Opt.2: Symbol number from the starting symbol
Regarding the starting symbol, the option 2, i.e., the symbol number from the start of the PDCCH where scheduling PDCCH is included is preferred, since less bits will be needed compared with that of option 1.  For mini-slot scheduling, usually one or two symbols are used for PDCCH, and considering the short delay, there may be one or two symbols gap between the PDCCH and PDSCH. Therefore, at most two bits are needed for starting symbol indication with respect to the start of the PDCCH. Regarding the ending symbol, option 2 is also preferred considering the signaling overhead, only the number of symbols relative to the starting symbol is indicated. 
Proposal 7: For mini-slot transmission, the starting symbol should be indicated as the number of symbols from the start of the PDCCH.
Proposal 8: For mini-slot transmission, the ending symbol should be indicated as the number of symbols from the starting symbol.
4. TBS and MCS determination
4.1. TBS determination
It has been agreed to introduce a formula based mechanism for TBS determination in NR. Such a mechanism is favorable given that it is more flexible than the table based approach in order to adapt to the highly divergent configurations in NR. The number of available REs can be quite variable and depends on the assigned number of symbols of the PDSCH including the case of multi-slot aggregation, the overhead used for various RS, such as DMRS, CSI-RS, TRS, etc., and any reserved or pre-empted resources to be rate-matched. The table based approach in these cases would be less optimized, difficult to be defined if not impossible, and hardly be forward compatible.
The agreed formula includes modulation order, coding rate, the number of layers, and the time/frequency resources of the scheduled PDSCH/PUSCH. The calculation can be based on the following two options:
· 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
Opt.1 is based on the actual number of available REs, thus it can generate a TB achieving exactly the target coding rate for the initial transmission. The problem is that, opt.1 may not be robustness enough if any misunderstanding on the RE mapping between the UE and the network occurs. For example, the network has triggered an aperiodic CSI-RS by a DCI-A, and a PDSCH transmission by another DCI-B to the UE. Unfortunately, the DCI-A were missed. Consequently, the UE would misunderstand the TBS. In this case, the UE may assume a wrong TB size, which will corrupt some or all the code block buffers.
Opt.2, on the other hand, calculate the TBS based on a defined or configured reference number that is decouple from the actual RE mapping in the scheduled slot, therefore any misunderstanding on the TBS between the UE and the network would never happen. Moreover, by opt.2 the TBS determination for one UE does not depend on any transmission (e.g. aperiodic CSI-RS, SRS, etc.) triggered for other UEs, as a result, the TBS determination can be decoupled from the resource scheduling order of the UEs. From this perspective, opt.2 can relax the scheduling complexity and allow parallel scheduling processes. Therefore, we have a slight preference for opt.2.
[bookmark: _Ref492394316]Proposal 9: The TBS determination should be based on the reference number of REs per slot/mini-slot per PRB and the assigned number of PRB(s), i.e. option 2 is preferred for the TBS formula. 
[bookmark: _Hlk492736915]In order to support divergent deployment scenarios in NR and be future-proof, the reference number can be configured by higher layer signaling by network. For the sake of determining TBS during initial access, a default reference number can be predefined. Considering the typical scenario with overhead of a two-symbol CORESET and 24 DMRSs in normal CP, the default reference REs for PDSCH and PUSCH can be 120 and 144, respectively, and FFS for extended CP case.
In the case of TBS determination for more than one slots, if the same TB is spanning over all the slots, the formula for the single slot case can still be used. If the number of REs are not balance in all the slots, the reference number of REs can be properly adjusted by the network. If each slot carries a single TB, for example due to TTI bundling or URLLC repetition, the TBS can be determined respectively for each slot according to the formula.
[bookmark: _Ref481592423][bookmark: _Hlk492736998]Proposal 10: The reference number(s) can be configured by higher layer signaling. For the sake of initial access, a default reference REs for PDSCH and PUSCH shall be defined, and FFS for extended CP case. 
In LTE, the TBS was designed taking into account some special application packet size. For example, the packet sizes of VoIP, the TBS for some special usage, such as random-access messages, BSR request, were considered [4]. Such optimization is reasonable also in NR. However, the TB size may not be same as that of LTE, due to various enhancements and new usages introduced in NR, e.g. new QoS layer, SI request, etc. It is therefore necessary to ask for the design guideline from RAN2.
[bookmark: _Ref490140728]Proposal 11: Send LS to RAN2 to ask for recommendation on specific TB sizes that should be optimized for TBS determination in NR.
4.2. MCS determination
In LTE, 32 MCS entities were defined in Rel-8. Twenty-nine of them were used for indicating the modulation and coding scheme, while the remaining three of them were used to support adaptive retransmission. This table was revised in the later release to support 256QAM. The MCS in NR should support all of these modulation schemes, and should be future-proof for any future extension such as 1024QAM. Therefore, 29 entities seem to be insufficient. However, on the other hand, a UE may not simultaneously active all these schemes. For example, a UE served by macro cell may never ever have a chance to use the modulation scheme higher than 64QAM. Simply extending the MCS table to cover all the MCS candidates seems to be a waste of resources. Moreover, different services may prefer different MCS table design. For example, a MCS table biased toward lower code rate may be desirable for URLLC, compared with an equally balanced MCS table. Therefore, multiple configurable MCS tables can be considered for NR.
[bookmark: _Ref489919282]Proposal 12: Multiple configurable MCS tables can be considered for NR. 
5. Conclusion
In this document, we discuss the remaining issues for resource allocation with the following proposals:
Proposal 1: Design of RBG size should consider the multiplexing of different RBG size and the efficient multiplexing of different RAT, i.e. LTE and NR co-channel. 
Proposal 2: The set of RBG size at least includes 2, 4, 8, 12, 16, 20, and the corresponding total number of RBs within the configured BWP is 55, 110, 220, 330, 440, 550 RBs as shown in Table 1.
Proposal 3: Option 2, 3, 5 can be further considered, down selection or a combination of option 2, 3, 5 is FFS.
Proposal 4: At least a fallback DCI with DL RA Type 2 and bandwidth independent RA field length is supported.
Proposal 5: Starting symbol and ending symbol of a slot should be indicated in the DCI, the starting symbol and ending symbol are applied to all the aggregated slots.
Proposal 6: The starting slot and symbol is indicated by DCI with PDCCH to PDSCH/PDCCH to PUSCH timing indication. The number of aggregated slot is indicated additionally by DCI or RRC. 
Proposal 7: For mini-slot transmission, the starting symbol should be indicated as the number of symbols from the start of the PDCCH.
Proposal 8: For mini-slot transmission, the ending symbol should be indicated as the number of symbols from the starting symbol.
Proposal 9: The TBS determination should be based on the reference number of REs per slot/mini-slot per PRB and the assigned number of PRB(s), i.e. option 2 is preferred for the TBS formula. 
Proposal 10: The reference number(s) can be configured by higher layer signaling. For the sake of initial access, a default reference REs for PDSCH and PUSCH shall be defined, and FFS for extended CP case. 
Proposal 11: Send LS to RAN2 to ask for recommendation on specific TB sizes that should be optimized for TBS determination in NR.
Proposal 12: Multiple configurable MCS tables can be considered for NR.  
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