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1 Introduction
The following has been agreed at RAN1 #90bis and RAN1 #91, respectively. 
	Agreements:
· For both slot and mini-slot, the scheduling DCI can provide an index into a UE-specific table giving the OFDM symbols used for the PDSCH (or PUSCH) transmission

· starting OFDM symbol and length in OFDM symbols of the allocation

· FFS: one or more tables

· FFS: including the slots used in case of multi-slot/multi-mini-slot scheduling or slot index for cross-slot scheduling

· FFS: May need to revisit if SFI support non-contiguous allocations

· At least for RMSI scheduling

· At least one table entry needs to be fixed in the spec

Agreements:
· One table for UL, one table for DL configured by RRC in Rel-15

· Each table is up to 16 rows

· In the table, each row is configured by RRC with 

· K0 using 2 bits (for DL table),  K2 using 3 bits (for UL table)

· an index (6-bit) into a table/equation in RAN1 specs capturing valid combinations of start symbol and length (jointly encoded)

· PDSCH mapping type A or B

· The reference point for starting OFDM symbol:

· No RRC impact (e.g., slot boundary, start of CORESET where the PDCCH was found, or part of the table/equation in RAN1 specs. FFS details)

· Aggregation factor (1, 2, 4, 8 for DL or UL) is semi-statically configured separately (i.e. not part of table) 

· No additional RRC impact how to use the aggregation factor along with the tables



As can be seen, only the RRC impact has been addressed, all RAN1 specific details were left FFS. This is also reflected in the latest draft of TS 38.214 [1] (see excerpt in Appendix).
In this contribution, we present our view on these remaining details to finalize the DL/UL resource allocation for NR PDSCH and NR PUSCH. 

2 Background
Mini-slots are an integral part of the NR air interface design and numerous use cases have been identified during the NR study item phase including LTE-NR coexistence, transmission of small packets in wide bandwidths, latency reduction for MBB and URLLC, and time-domain multiplexing of MBB traffic in mmWave systems to account for hardware restrictions arising from analog beamforming to name a few [2]. The different use cases each have their own requirements and constraints, yet, a unified design is desirable and beneficial as it minimizes the specification effort, the implementation and development effort as well as the inter-operability testing effort of NR devices thereby reducing time-to-market and cost-of-ownership. 

At past RAN1 meetings, it was agreed that the time-domain resource allocation for mini-slots is signaled in the scheduling DCI by providing an index to a UE-specific table whereby said table provides the OFDM symbols used for the PDSCH (or PUSCH) transmission. More precisely, each entry of the table corresponds to a starting OFDM symbol and a length of the allocation in OFDM symbols. 

In order to be able to derive all necessary table entries for the time-domain resource allocation for mini-slots, we first discuss the use cases that need to be addressed:

2.1 LTE-NR Coexistence

For the case of LTE-NR coexistence in normal DL subframes, it was agreed that mini-slots can be scheduled in OFDM symbols that do not carry CRS. The most straightforward way is to treat each mini-slot as one self-contained transmission comprising both the scheduling PDCCH as well as the scheduled PDSCH. PDCCH and PDSCH both require DMRS for demodulation and it has been agreed that PDCCH REGs are accompanied by its DMRS within the corresponding CORESET whereas for mini-slot based PDSCH transmissions the DMRS is on the first symbol of the PDSCH transmission. This is conceptually illustrated in Figure 1.  
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Figure 1: Self-scheduled mini-slots
Alternatively, mini-slots could be cross-scheduled from the beginning of the mini-slot as shown in Figure 2.
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Figure 2: Cross-scheduled mini-slots
2.2 Analog Beamforming 
A similar use case arises in mmWave spectrum where TxRPs use beam-sweeping and an RF beam spans the entire CC or even multiple CCs in case of intra-band CA where the same RF hardware is used for more than one CC. In this case, it is crucial that the network can TDM multiple beams/transmissions (since FDM is not possible due to the wideband nature of analog beams) and that it can FDM transmissions whose transmission duration aligns with that of the SS block transmissions. These use cases are depicted in Figures 3-5 for both self-scheduled and cross-scheduled mini-slot transmissions. 
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Figure 3: Scheduling options for RMSI/broadcast OSI
2.3 Low-latency transmissions 

The self-scheduled case is further detailed in Figure 4 which can equally apply to sub-6GHz with the exception that these systems may employ digital beamforming without the aforementioned hardware restrictions (viz. colours do not correspond to beams). Very low latencies are supported by the frequent PDCCH monitoring occasions. 
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Figure 4: Self-scheduling of mini-slots

2.4 Forward-compatibility and multiplexing of services
The cross-scheduled case is further illustrated in Figure 5. Cross-scheduling of mini-slots allows for forward compatibility and for multiplexing of existing and future unknown services such as IAB [3].
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Figure 5: Cross-scheduling of mini-slots

3 Remaining issues in DL/UL resource allocation
RAN1 already agreed that PDSCH transmissions carrying RMSI, OSI, RACH and paging messages can be transmitted using mini-slots. Further, RAN1 agreed the configuration of CORESETs and search spaces for RMSI scheduling (see Appendix and Section 13 in [4]). Lastly, RAN1 agreed that at least for RMSI scheduling (PDSCH mapping type A and B) the scheduling DCI can provide an index to fixed table entries giving the OFDM symbols used for the PDSCH transmission. Note that the tables in Section 13 in [4] (see Appendix) do not signal the PDSCH mapping type. Hence, the DCI, at least for RMSI transmission, but also for OSI, paging and RACH messages, needs to signal the PDSCH mapping type together with the OFDM symbols used for the PDSCH transmission (combination of start symbol and length). Since RMSI, OSI, paging and RACH messages must be received by the UE without a valid RRC configuration (e.g., while camping or during RRC connection setup), the RAN1 spec must provide fixed table entries for these cases. In addition, when designing said table entries, all agreed use cases as summarized in Section 2 need to be addressed (see also [2]). Note that RAN1 has already agreed the control aspects for all these use cases as captured in Section 13 of 38.213 [4], see Appendix.
Looking at the vast majority of configurations and use cases—Section 13 of [4] alone contains 13 tables—it is first recommended to use the start of CORESET where the PDCCH was found as reference point for the PDSCH starting OFDM symbol to limit the combinations, i.e., the CORESET position itself can already cover some of the use cases/options.
Proposal 1: The reference point for the PDSCH starting OFDM symbol is the start of the CORESET where the corresponding PDCCH was found

For PDSCH mapping type A, is suffices to consider cases where the PDSCH starts after the DMRS position signaled in the MIB, i.e., only two PDSCH starting OFDM symbols need to be considered, namely, symbols #3 and #4. Furthermore, a limited number of PDSCH lengths can be considered, e.g., one that spans until the end of the slot and another one that is shorter. Alternatively, multiple PDSCH durations could be fixed in the spec for the fallback DCI and scheduling of RMSI/OSI, paging and RACH messages. Note that these have to be specified regardless for the case where the table in RRC configured to the UE. So for fallback DCI as well as RMSI, OSI, paging and RACH scheduling, one option could be to fix the entire table in the RAN1 specifications rather than fixing certain entries in an RRC configurable table. At any rate, fixing just two PDSCH lengths for OFDM starting symbols #3 and #4 also suffices.
Proposal 2: For PDSCH mapping type A fix at least two PDSCH durations for each OFDM starting symbol #3 and #4, respectively
· FFS additional values including a fixed table in the specifications for fallback DCI and scheduling of RMSI/OSI, paging and RACH messages
More interesting is the case of PDSCH mapping type B. Section 13 of [4] already has the CORESET locations within a slot from which PDSCH mapping type B can be scheduled for the agreed scenarios in [2]

 REF _Ref503525370 \r \h 
[4]. From there, the required starting OFDM symbols are evident. Moreover, per the RAN prioritization in [5], only mini-slot lengths (viz. PDSCH lengths) of {2,4,7} OFDM symbols should be considered. Hence, for this version of the NR specifications, it suffices to address these PDSCH lengths in the resource allocation table. Note that all three lengths of {2,4,7} OFDM symbols are relevant for RMSI reception (see Appendix and [4]). Hence, all three must be included in the fixed entries for RMSI scheduling.
As for the PDSCH starting symbols, these follow from the use cases and PDCCH locations in [2]

 REF _Ref503525370 \r \h 
[4]. For instance, the PDCCH starting positions are already agreed (Section 13 in [4]) and they have been designed for TDM and FDM options of PDSCH carrying RMSI/OSI, paging and RACH messages with SS block transmissions as well as for LTE-NR coexistence in normal DL and MBSFN subframes. The fixed entries in the resource allocation tables for fallback and RMSI/OSI, paging and RACH message reception should be derived from the use cases supported by tables 13-1 to 13-13 in 38.213 [4] where CORESET locations are already specified from which the PDSCH starting symbols follow.
Proposal 3: For PDSCH mapping type B fix entries for RMSI reception 

· for all mini-slots lengths of {2,4,7} OFDM symbols
· for PDSCH starting OFDM symbols for the use cases in 38.213, Section 13 whereby the PDSCH starting symbol is derived from tables 13-1 to 13-13 in 38.213
4 Conclusion

In this contribution, we presented our view on the remaining details of DL/UL resource allocation to finalize the NR PDSCH and NR PUSCH design. The following is proposed:
Proposal 1: The reference point for the PDSCH starting OFDM symbol is the start of the CORESET where the corresponding PDCCH was found

Proposal 2: For PDSCH mapping type A fix at least two PDSCH durations for each OFDM starting symbol #3 and #4, respectively 
· FFS additional values including a fixed table in the specifications for fallback DCI and scheduling of RMSI/OSI, paging and RACH messages
Proposal 3: For PDSCH mapping type B fix entries for RMSI reception 

· for all mini-slots lengths of {2,4,7} OFDM symbols
· for PDSCH starting OFDM symbols for the use cases in 38.213, Section 13 whereby the PDSCH starting symbol is derived from tables 13-1 to 13-13 in 38.213
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6 Appendix 
The following is an excerpt from [1].
	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 slot], 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:
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-
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.

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.


The following is an excerpt from [4].

	13
UE procedure for monitoring Type0-PDCCH common search space 
A UE determines a number of consecutive resource blocks and a number of consecutive symbols for the control resource set of Type0-PDCCH common search space from the first four bits of RMSI-PDCCH-Config as described in Tables 13-1 through 13-8 and determines PDCCH monitoring occasions from the second four bits of RMSI-PDCCH-Config as described in Tables 13-9 through 13-13 where 
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 are the SFN and slot of the SS/PBCH block, respectively.   

The offset in Tables 13-1 through 13-8 is defined with respect to the subcarrier spacing of the control resource set and is the difference between the smallest RB index of the SS/PBCH block and the smallest RB index of the control resource set for Type0-PDCCH common search space. Condition A or condition B in Tables 13-1 through 13-8 corresponds to the case of PRG [6, TS 38.214] alignment or non-alignment, respectively, between SS/PBCH block RBs and RBs of the control resource set for Type0-PDCCH common search space. 

For a first SS/PBCH block and control resource set (CORESET) multiplexing pattern, a UE monitors PDCCH in the Type0-PDCCH common search space over two consecutive slots 
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Table 13-1: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 15} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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N


Number of Symbols 
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Offset (RBs) 
0

1 
24 
2 
0 
1

1 
24 
2 
2 
2

1 
24 
2 
4 
3

1 
24 
3 
0 
4

1 
24 
3 
2 
5

1 
24 
3 
4 
6

1 
48 
1 
12 
7

1 
48 
1 
16 
8

1 
48 
2 
12 
9

1 
48 
2 
16 
10

1 
48 
3 
12 
11

1 
48 
3 
16 
12

1 
96 
1 
38 
13

1 
96 
2 
38 
14

1 
96 
3 
38 
15

Reserved
Table 13-2: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {15, 30} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Number of Symbols 
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Offset (RBs) 
0

1
24
2
6
1

1
24
2
7
2

1
24
2
8
3

1
24
3
6
4

1
24
3
7
5

1
24
3
8
6

1
48
1
18
7

1
48
1
20
8

1
48
2
18
9

1
48
2
20
10

1
48
3
18
11

1
48
3
20
12

Reserved
13

Reserved
14

Reserved
15

Reserved
Table 13-3: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 15} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Number of Symbols 
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Offset (RBs) 
0

1
48
1
2
1

1
48
1
6
2

1
48
2
2
3

1
48
2
6
4

1
48
3
2
5

1
48
3
6
6

1
96
1
28
7

1
96
2
28
8

1
96
3
28
9

Reserved
10

Reserved
11

Reserved
12

Reserved
13

Reserved
14

Reserved
15

Reserved
Table 13-4: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {30, 30} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Offset (RBs) 
0

1 
24
2
0
1

1 
24
2
1
2

1 
24
2
2
3

1 
24
2
3
4

1 
24
2
4
5

1 
24
3
0
6

1 
24
3
1
7

1 
24
3
2
8

1 
24
3
3
9

1 
24
3
4
10

1 
48
1
12
11

1 
48
1
14
12

1 
48
1
16
13

1 
48
2
12
14

1 
48
2
14
15
1 

48

2

16

Table 13-5: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 60} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Number of Symbols 
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Offset (RBs) 
0

1 
48
1
0
1

1 
48
1
8
2

1 
48
2
0
3

1 
48
2
8
4

1 
48
3
0
5

1 
48
3
8
6

1 
96
1
28
7

1 
96
2
28
8

2
48
1
-41 if condition A 

-42 if condition B 
9

2 
48
1
49 
10

2 
48
2
-41 if condition A 

-42 if condition B
11

2 
48
2
49 
12

2 
96 
1
-41 if condition A 

-42 if condition B
13

2 
96 
1 
97 
14

2 
96 
2
-41 if condition A 

-42 if condition B 
15
2 

96 

2

97 

Table 13-6: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {120, 120} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Number of Symbols 
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Offset (RBs) 
0

1 
24
2
0
1

1 
24
2
4
2

1 
48
1
14
3

1 
48
2
14
4

3 
48
3
-20 if condition A 

-21 if condition B
5

3 
48
3
24
6

3 
96
1
-20 if condition A 

-21 if condition B
7

3 
96
2
48
8

Reserved
9

Reserved
10

Reserved
11

Reserved
12

Reserved
13

Reserved
14

Reserved
15
Reserved

Table 13-7: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 60} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
[image: image34.wmf]CORESET

RB

N


Number of Symbols 
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Offset (RBs) 
0

1
96
1
0
1

1
96
1
16
2

1
96
2
0
3

1
96
2
16
4

Reserved
5

Reserved
6

Reserved
7

Reserved
8

Reserved
9

Reserved
10

Reserved
11

Reserved
12

Reserved
13

Reserved
14

Reserved
15

Reserved
Table 13-8: Set of resource blocks and slot symbols of control resource set for Type0-PDCCH search space when {SS/PBCH block, PDCCH} subcarrier spacing is {240, 120} kHz

Index

SS/PBCH block and control resource set multiplexing pattern 
Number of RBs 
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Offset (RBs) 
0

1
48
1
0
1

1
48
1
8
2

1
48
2
0
3

1
48
2
8
4

2
24 
1
-41 if condition A 

-42 if condition B
5

2
24 
1
25 
6

2
24 
2
-41 if condition A 

-42 if condition B
7

2
24 
2
25
8

2
48
1
-41 if condition A 

-42 if condition B
9

2
48
1
49
10

2
48
2
-41 if condition A 

-42 if condition B
11

2
48
2
49
12

Reserved
13

Reserved
14

Reserved
15

Reserved
Table 13-9: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 1 and carrier frequencies smaller than or equal to 6 GHz
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Table 13-10: Parameters for PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 1 and carrier frequencies smaller above 6 GHz
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Table 13-11: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 2 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 60} kHz 
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Table 13-12: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 2 and {SS/PBCH block, PDCCH} subcarrier spacing {240, 120} kHz 
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Table 13-13: PDCCH monitoring occasions for Type0-PDCCH common search space - SS/PBCH block and control resource set multiplexing type 3 and {SS/PBCH block, PDCCH} subcarrier spacing {120, 120} kHz 
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