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1 Introduction
In this contribution, we discuss the remaining details of DL/UL resource allocation in time and frequency domains.
2 Time domain resource allocation

2.1 Minimum durations for PDSCH and PUSCH mapping type A

The following was agreed during the RAN1 NR AH 1801 meeting [2]:

Agreements:

For PDSCH:

· Supported combinations for PDSCH mapping type A:

· Starting symbol can be symbol index #0, 1, 2, 3 in a slot.

· Length of the PDSCH is at least X symbols, up to 14 symbols within a slot, such that slot boundary is not crossed 

· FFS the value of X

· Supported combinations for PDSCH mapping type B:

· Length of the PDSCH can be 2, 4, or 7 symbols.

· Starting symbol can be any position within a slot, such that slot boundary is not crossed.

Agreements:

For PUSCH

· PUSCH mapping type A:

· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols

· FFS the value of Y

· PUSCH mapping type B (All 105 combinations)

· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
· Starting symbol can be any position within a slot, such that slot boundary is not crossed.

As can be seen from the above, an outstanding issue is the minimum duration of PDSCH and PUSCH allocations for mapping type A. 

As part of the UE minimum processing time evaluations, a minimum duration of 7 symbols was assumed for PDSCH mapping type A [2]: 

Agreements:

· Clarification that Table 2-1 in R1-1801124 for “slot-based scheduling” in previous UE processing time RAN1 #91 corresponds to the following conditions

· Case 1-1: PDCCH monitoring periodicity of 14 or more symbols 

· PDCCH monitoring on up to three OFDM symbols at the beginning of a slot

· PDSCH Type A, and PUSCH Type A or B

· PDSCH duration of at least 7 symbols

· For C-RNTI only

· (working assumption) also applicable to the cases when C-RNTI and with other broadcast RNTIs are processed simultaneously by the UE

In this regard, it is natural to consider X = Y = 7. However, there may be some cases wherein the network may want to use mapping type A with shorter allocations considering deployments with unpaired spectrum that may need to coexist with existing LTE TDD deployments. To address certain deployment cases using special subframe with very short DwPTS duration, X could be reduced to 4 symbols. This can be shown to address most typical use cases. Further, the network always has the choice of using PDSCH mapping type B in addition to mapping type A. 

However, in order to resolve the conflict between the assumptions made for determining UE minimum processing times, it is proposed that if PDSCH mapping type A is scheduled with duration < 7 symbols, the N1 is measured relative to the end of an 7-symbol PDSCH mapping type A reception with the same start location.
For PUSCH, the issue is even less critical since PUSCH mapping type B is the predominant configuration expected to be used for time domain scheduling, but to offer sufficient scheduling flexibility, the same value of X is proposed to be applied for Y, i.e., Y = 4.

Proposal 2.1:

· For PDSCH mapping type A

· Length of the PDSCH is at least X = 4 symbols, up to 14 symbols within a slot, such that slot boundary is not crossed.
· When PDSCH with mapping type A is scheduled with < 7 symbols, the UE minimum processing time, N1, is measured relative to the end of an 7-symbol PDSCH mapping type A reception with the same start location.

· For PUSCH mapping type A

· Length of the PUSCH is at least Y = 4 symbols, up to 14 symbols.
2.2 Time domain resource allocation prior to RRC connection establishment and for fallback DCI formats

Currently, the time-domain resource allocation employs a combination of UE-specific RRC signaling that configures a UE with up to 16 rows for pdsch-symbolAllocation and pusch-symbolAllocation respectively and DCI time domain RA bit field uses up to 4 bits to indicate a combination of K0 (K2 for PUSCH), starting symbol and length, and the mapping type (A or B) from the RRC configured tables.

However, for scheduling of PDSCH/PUSCH prior to RRC connection establishment and when fallback DCI formats are used, the RRC configuration of pdsch-symbolAllocation and pusch-symbolAllocation are not available. Hence, alternative means need to be supported. Two options are discussed next.
Option 1: Define a default table for PDSCH for the case of scheduling of PDSCH carrying RMSI. For all other use cases (OSI, paging, RAR, and fallback DCI formats), RMSI configures a table each for PDSCH and PUSCH similar to the UE-specifically configured tables.

· Pros: In this case, the number of DCI bits in the time-domain RA field can be potentially reduced from a maximum of 4 bits to 2 bits relying on the configuration via RMSI of up to 4 rows each for pdsch-symbolAllocation and pusch-symbolAllocation.
· Cons: Impacts RRC signaling (introduction of new parameter for RMSI). A default table still needs to be defined in the RAN1 specs for PDSCH carrying RMSI.

Option 2: Define a default table each for PDSCH and PUSCH in the RAN1 specifications that the DCI bit fields indicates from.

· Pros: No RRC impact

· Cons: More specification work to converge on a fixed set of tables for PDSCH and PUSCH respectively. It may be difficult to reduce the bit-width for the corresponding DCI bit-field considering potentially large number of combinations that may be of interest for different use cases. 

As can be seen, both approaches offer some trade-offs and fundamentally, both approaches could work. If it is not possible or strongly preferred not to impact RRC parameter list, Option 2 can be followed. In any case, some simplifications, e.g., fixing K0 = 0 may be applied and beneficial whichever way is followed.

Proposal 2.2:

· For time domain RA when using fallback DCI formats or prior to RRC connection establishment,

· Considering no impact to RRC parameters list, it is slightly preferred that a default table is defined in the RAN1 specifications for PDSCH and PUSCH respectively from which the DCI bit-field indicates a particular choice dynamically.

· For PDSCH scheduling, K0 = 0.

· Exact bit-width of the DCI bit-field for time domain RA for fallback DCI formats and when format 1_0 is scrambled with SI-RNTI, P-RNTI, or RA-RNTI is either 3 or 4 bits.

2.3 Slot aggregation

The following was agreed last meeting [2]:

Agreements:

· In case of slot-aggregation is configured

· the same symbol allocation is used across slots in UL

· Note: this aligns with the DL case

· the TB is repeated across the slots

· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)

· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL

As can be seen above, one remaining issue related to the support of (mini)-slot aggregation for PDSCH/PUSCH concerns the exact RV sequence in the case of slot aggregation. Since these PDSCH/PUSCH are dynamically scheduled with the initial RV indicated via the scheduling DCI, it is sufficient to specify the RV sequence 0 2 3 1 similar to LTE to realize the maximal code diversity.  
Proposal 2.3:

· For dynamically scheduled PDSCH/PUSCH using slot or mini-slot aggregation, the initial RV is as indicated in the scheduling DCI, and the subsequent repetitions use RV according to the order 0 2 3 1.
Another issue pertains to the time-domain resource allocation for the case of multi-mini-slot aggregation, i.e., with PDSCH/PUSCH mapping type B. The first question here is whether such repetitions should be back-to-back in available symbols or limited to a single TB repetition per slot. In our view, the second limitation severely undermines the benefit of using multi-mini-slot aggregation due to significant additional latency incurred. As a result, back-to-back mapping of the PDSCH/PUSCH repetitions should be supported. 

In case of mini-slot based resource allocation for PDSCH/PUSCH if aggregation is configured, the dynamically indicated starting symbol and duration may be assumed to be repeated in consecutive K groups of valid symbols, where K is the aggregation factor configured by RRC. The first group of valid symbols is directly derived from the time domain resource allocation field which signals starting symbol and length in symbols. The other groups of symbols have the same length as the first one and starting symbol index derived as the next valid symbol after the previous group of symbols in an aggregation. In other words, the mini-slots are repeated back-to-back without gaps within the valid symbols.

The described multi-mini-slot transmission procedure may lead to cases when a mini-slot crosses slot boundary and/or collides with at least scheduled SRS transmission. For such cases, dropping and/or postponing rules may need to be defined.

For example, in case a group of symbols in an aggregated multi-mini-slot transmission is going to cross the slot boundary, it may need to be postponed i.e. shifted in time to the first valid symbol in the next slot relative to the slot where the previous group of symbols was mapped. In another option, the groups of symbols which are going to cross the slot boundary are dropped while the groups of symbols which are going to be mapped to the next slot(s) are kept.

The cases of potential mini-slot crossing a slot boundary mainly appear if mini-slot duration is not integer-multiple of slot duration. For example, when 4 symbol mini-slots are used in NCP case. Since for grant-free operation both parameters (slot and mini-slot duration) are known/configured in long term, postponing behaviour may be more appropriate than dropping. For the SRS collision case, the dropping of overlapped repetitions may be more suitable since SRS scheduling may be dynamic.

Proposal 2.4
· For slot aggregation using PDSCH/PUSCH mapping type B:

· The first TB is mapped based on the indicate time-domain resources as in the scheduling DCI.
· Subsequent repetitions are mapped consecutively thereafter and have the same duration, i.e. are allocated back-to-back.

· If a repetition of the TB is going to cross the slot boundary, it is postponed to the first valid DL/UL (respectively) symbol in the next slot.

3 Frequency domain resource allocation 

3.1 On RBG sizes

On determination of RBG sizes, RAN1 agreed on the following [1]:
· For PDSCH/PUSCH, the RBG size/number can be changed along with the change of the BWP used for resource allocation.
Further, during the RAN1 #90bis meeting, the following was agreed.
	
	Config 1
	Config 2

	X0 – X1 RBs
	RBG size 1
	RBG size 2

	X1+1 – X2 RBs
	RBG size 3
	RBG size 4

	…
	…
	…


· RRC selects config 1 or config 2

· One config (config 1) is the default until RRC configures otherwise

· The numbers ‘RBG size’ in the table are fixed in the spec

· The number of rows should be no more than [4-6]

· Same table for DL and UL

· The configuration for DL & UL is separate

· Same RBG size irrespective of the duration (slot vs. non-slot)

RAN1 made no further progress beyond the decisions in RAN1 #90bis on details of RA type 0. 

In LTE, the RBG sizes are defined as a function of the system BW as in Table 1 below. 

Table 1: Type 0 resource allocation RBG size vs. Downlink System Bandwidth in LTE

	System Bandwidth
	RBG Size
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	(P)

	≤10
	1

	11 – 26
	2

	27 – 63
	3

	64 – 110
	4


In NR, the maximum number of subcarriers within a carrier can be as large as 3300 subcarriers, amounting to 275 PRBs as one PRB consists of 12 subcarriers.  

In our view, the motivation to support RBG size 6 is not sufficiently motivated. Tools for efficient multiplexing with PDCCH CORESETs are already being specified. On the contrary, with a “nested” set of RBG values as agreed currently, handling of UEs with different overlapping BWPs can be easier facilitated without incurring additional “allocation holes”.
Accordingly, assuming that only the already-agreed RBG sizes are supported (viz. 2, 4, 8, and 16), a possible such mapping is presented in Table 2 below. 

Table 2: Type 0 resource allocation RBG size vs. Carrier BW, configured frequency range, or BW part size 

	BW part size in # of RBs
	RBG Size Config 1
	RBG Size Config 2

	(N)
	(P)
	(P)

	≤26
	2
	2

	27 – 63
	4
	4

	64 – 110
	8
	8

	111 – 138
	8
	16

	139 – 275
	16
	16


While Table 2 indicates a possible example, some salient characteristics that should be considered are listed below:

· The smallest range of RBs should correspond to RBG size = 2 for both configurations

· To realize the flexibility of switching between two sets, for each configuration, some rows may correspond to same RBG sizes for different non-overlapping frequency ranges. This is necessary since the RB ranges are agreed as common for both configurations.

· The largest range of RBs should correspond to the largest RBG size = 16 to maintain the same maximum RA field bit-width. 
As an alternative to the above set of properties, an option is to define smallest RBG size for Config 2 that is larger than that in Config 1 (P = 2). This can be useful in reducing DCI payload for use cases involving larger resource allocations (e.g., URLLC). 

No matter which approach is taken to characterize the two tables, it is desirable that the RA signaling OH should not be larger than that for LTE for the corresponding range of PRBs. 

3.2 VRB-to-PRB mapping for PUSCH
As the VRB-to-PRB mapping is applied to the entire BWP, for PUSCH with interleaved VRB-to-PRB mapping this results in non-contiguous sets of PRBs allocated for the PUSCH. This can significantly impact UE implementation and resulting coverage due to IMD issues. Further, following RAN Plenary prioritization, UL transmissions with contiguous allocations are prioritized for Rel-15. 
Following the above, in our view, interleaved VRB-to-PRB mapping is applied only when the PUSCH is allocated the entire UL BWP. From a technical standpoint, this would provide diversity at the CB level for large PUSCH allocations spanning the entire UL BWP. On the other hand, when the PUSCH does not span the entire UL BWP, especially for relatively smaller PUSCH allocation, frequency hopping is a much more appropriate mechanism already supported in NR. 

Proposal 3.1:

· For PUSCH, interleaved VRB-to-PRB mapping is applied only when the allocated PUSCH spans the entire UL BWP.

Further, as described in our companion paper [4], following the above and considering the following FFS item from RAN1 #91 meeting, it is proposed that for UL scheduling DCI formats (0_0 and 0_1), the FH and VRB-to-PRB fields are unified.

FFS from RAN1 #91 [3]:

	 VRB-to-PRB mapping
	1
	[C]
	F?
	Flag to control VRB-to-PRB mapping (block interleaved or non-block interleaved). Only present/relevant for resource allocation type 1

FFS if present in fallback and how to handle the relation to the FH flag

	FH flag
	1
	[C]
	F
	To control uplink frequency hopping. Some resource allocation filed bits are interpreted differently in case of hopping.

Open issue: are interleaved VRB-to-PRB mapping and frequency hopping independently controlled or can the two fields be merged?


Conditioned on the PUSCH frequency domain resource allocation, the bit-field is interpreted as indication of FH enabling/disabling or VRB-to-PRB indicator: 

· If the PUSCH allocation in frequency domain spans the UL BWP

· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used

· Otherwise

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.

Proposal 3.2:

· The FH and VRB-to-PRB indicator fields in UL DCI formats 0_0 and 1_0 are unified to a single bit-field.
· If the PUSCH allocation in frequency domain spans the UL BWP,
· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used
· Otherwise,

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.

4 Conclusion 

This contribution has discussed remaining details of DL/UL resource allocation in time and frequency domains.  
The proposals are summarized below:

Proposal 2.1:

· For PDSCH mapping type A

· Length of the PDSCH is at least X = 4 symbols, up to 14 symbols within a slot, such that slot boundary is not crossed.

· When PDSCH with mapping type A is scheduled with < 7 symbols, the UE minimum processing time, N1, is measured relative to the end of an 7-symbol PDSCH mapping type A reception with the same start location.

· For PUSCH mapping type A

· Length of the PUSCH is at least Y = 4 symbols, up to 14 symbols.
Proposal 2.2:

· For time domain RA when using fallback DCI formats or prior to RRC connection establishment,

· Considering no impact to RRC parameters list, it is slightly preferred that a default table is defined in the RAN1 specifications for PDSCH and PUSCH respectively from which the DCI bit-field indicates a particular choice dynamically.

· For PDSCH scheduling, K0 = 0.

· Exact bit-width of the DCI bit-field for time domain RA for fallback DCI formats and when format 1_0 is scrambled with SI-RNTI, P-RNTI, or RA-RNTI is either 3 or 4 bits.

Proposal 2.3:

· For dynamically scheduled PDSCH/PUSCH using slot or mini-slot aggregation, the initial RV is as indicated in the scheduling DCI, and the subsequent repetitions use RV according to the order 0 2 3 1.

Proposal 2.4
· For slot aggregation using PDSCH/PUSCH mapping type B:

· The first TB is mapped based on the indicate time-domain resources as in the scheduling DCI.
· Subsequent repetitions are mapped consecutively thereafter and have the same duration, i.e. are allocated back-to-back.

· If a repetition of the TB is going to cross the slot boundary, it is postponed to the first valid DL/UL (respectively) symbol in the next slot.

Proposal 3.1:

· For PUSCH, interleaved VRB-to-PRB mapping is applied only when the allocated PUSCH spans the entire UL BWP.

Proposal 3.2:

· The FH and VRB-to-PRB indicator fields in UL DCI formats 0_0 and 1_0 are unified to a single bit-field.
· If the PUSCH allocation in frequency domain spans the UL BWP,
· The DCI bit-field is interpreted to indicate whether or not interleaved VRB-to-PRB mapping is used
· Otherwise,

· The DCI bit-field is interpreted to indicate whether or not FH is enabled. In this case, non-interleaved VRB-to-PRB mapping is assumed.
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