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1 Introduction
The following working assumption was achieved in RAN1#91:

Working assumption:

For the SFI table, capture the following:
· For information only:

· Include entries with all D, all U and all unknown (X)

· For the slot format with single switching point

· For short consecutive DL, consider up to 3 DL symbols

· For short consecutive UL, consider up to 2 UL symbols

· For short consecutive unknown, consider up to 3 unknown symbols 

· With DL and unknown:

· DL dominant: X starts in symbol 11, 12, 13 or 14 and ends in symbol 14

· Unknown dominant: X starts in symbol 2, 3, or 4 and ends in symbol 14

· With unknown and UL

· Unknown dominant: X starts in symbol 1 and ends in symbol 12 or 13

· UL dominant: X starts in symbol 1 and ends in symbol 1, 2, 3, 4, 5, 6

· With DL, unknown and UL:

· DL dominant: X in symbol {13}, {12, 13}, {11,12,13}, {12}, {11, 12}, {10,11,12}

· Unknown dominant: X starts in symbol 2, 3, or 4 and ends in symbol 12 or 13

· UL dominant: X in symbol {2}, {3}, {4}, {2,3}, {3,4}, {4,5}, {2,3,4}, {3,4,5}, {4,5,6}

· Additional to match LTE special subframe patterns: 9-4-1, 6-6-2, 6-2-6

· Special case: 1-3 D in the beginning and 3 U in the end

· For the slot format with two switching points

· Consider symmetric two half slots

· For short consecutive DL, consider up to 2 DL symbols

· For short consecutive UL, consider up to 1 UL symbols

· For short consecutive unknown, consider up to 2 unknown symbols 

· Additional entries can still be discussed and introduced in Rel-15

· The indexing may be further adjusted 

This contribution mainly discusses some remaining issues on SFI, including additional entries to the SFI table in Rel-15 and slot format determination. According to the latency analysis [1], in order to meet the 0.5ms latency requirement for URLLC (which requires two switching point in 0.5ms), some other entries should be included, especially when the SS block is considered. Some additional entries are provided in section 2.Text proposals are also provided in the Appendix. 
2 Discussion

2.1 Motivation for additional entries for SFI table 
For SFI table design, two aspects should be considered. Firstly, according to the latency analysis [1], in TDD, there should be two switching points in 0.5ms to meet the 0.5ms latency requirement for URLLC. Secondly, in order to support LTE and NR coexistence, to increase coverage, 15 kHz SS block mapping pattern or 30 kHz SS block mapping pattern 1, which are shown in Figure 1(a) and 1(b) respectively, have to be used in the carrier which is also carrying URLLC services. In order to reduce interference, the continuous symbols carrying SSBs are preferred to be downlink symbols, which could be shown as the green symbols in figure 2.
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Figure 1 15 kHz SS block mapping pattern & 30 kHz SS block mapping pattern 1

Among the 62 entries included in the current SFI table [2], some of them could meet two switching points in 0.5ms, which can meet the latency requirement, but cannot meet the coverage requirement simultaneously because the SSB pattern described above is not supported by these slot formats. For example, for SFI index 54 “DDDDDXU DDDDDXU”, if the SCS is 30 kHz, although there are two switching point in 0.5ms, it could not meet the second requirement, because symbol #4 to symbol #11 are not all downlink symbols for SSB transmission as shown in figure 2. Even if the SCS is 60 kHz, although there are two switching points in 0.5ms, it still could not meet the second requirement, because symbol #8 to symbol #13 are not all downlink symbols for SSB transmission as shown in figure 2. Another example is the SFI “DDDDDDD DDDDDXU” with index 28, if the SCS is 30 kHz, it cannot meet either of the two requirements as above. If the SCS is 60 kHz, although it can meet the latency requirement, it still cannot meet the second requirement for SSB transmission because symbols 8 to 13 are not all downlink symbols.
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Figure 2 15 kHz SS block mapping pattern & URLLC transmission with 15 kHz/30 kHz/60kHz SCS

According to the analysis above, existing SFI entries could not meet the two requirements above. Some new entries should be introduced.

2.2 SFI design considering SS block mapping pattern
If 15 kHz SS block mapping pattern as shown in figure 2 is used, if SCS of data transmission is 15 kHz, no matter what slot format is, there could not be two switching points in 0.5ms, because there are only 7symbols in 0.5ms and symbol # 2 to symbol # 5 of the first 7 symbols (or symbol # 1 to symbol # 4 in the second 7 symbols) should be downlink symbols.  If SCS of data transmission is 30 kHz, there could not be two switching points in 0.5ms, because symbol # 4 to symbol # 11 of the first slot (or symbol # 2 to symbol # 9 in the second slot) should be downlink symbols, but the agreement achieved for two switching points is that “symbol #6 in a slot must be UL and symbol #7 in the slot must be DL”.  The result is similar when 30 kHz SS block mapping pattern 1 is used.
So it is clear that the data transmission with 15 kHz or 30 kHz SCS cannot meet the 0.5ms URLLC average latency target, when 15 kHz SS block mapping pattern or 30 kHz SS block mapping pattern 1 is used. But if the SCS of data transmission is 60 kHz, there will be two slots in 0.5ms, the latency target could be realized by some special slot formats described in the following. Therefore, 60 kHz should be mandatory for URLLC transmission in case of sub 6GHz.

Observation 1： For the slot carrying SSB with 15 kHz mapping pattern or 30 kHz mapping pattern 1 , the slot with 60 kHz SCS on nearby PRBs/BWPs can satisfy 0.5ms average latency while 30 kHz SCS cannot.
In Figure 2, if the SCS of data transmission is 60 kHz, it can be seen that the symbol # 8 to symbol # 13 in the first slot and symbol # 0 to symbol # 9 in the second slot should be downlink symbols because of the existence of SS block. In order to meet the 0.5ms URLLC average latency target, the simplest method is to design one switching point in one slot. For the first slot, special format design is needed, but for the second slot, an existing slot format, such as slot format whose index is 28, 29, 30, 31, 32, 33 in [2], can realize one switching point.

For the first slot, there should also be one switching point, and two slot format candidates are shown in figure 3, where the slot format of the second slot using slot format 30. There could be other candidates, which could be realized by revising the flexible symbols “X” of candidate 2 into DL symbol or UL symbol. Candidate 1 is more reasonable, because there are 3 symbols used to DL/UL switch, about 54 μs, which can meet coverage requirement, also 2 symbols at the starting of the slot could be used to transmit DL control or DL data, in addition 3 symbols at the ending of the slot could be used to transmit UL control or UL data. 
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Figure 3 SFI design considering SS block mapping pattern
The corresponding text proposal for the additional entry is provided in Appendix 1.
Proposal 1: The additional entry “DDXXXUUUDDDDDD” should be introduced to the SFI table in Rel-15. Details of the text proposal are as shown in Appendix 1.
3 Clarification on UE procedure for determining slot format
It was agreed that the associated reference SCS is signalled as well when gNB configures UE a cell-specific DL/UL assignment or UE-specific DL/UL assignment. The corresponding agreement is as below: 

However, it is unclear whether such a reference SCS is needed for UE determining slot format when configured with parameter SFI-PDCCH. There are agreements that a UE can be configured to monitor SFI for a SCell on a different cell, and different SFI fields in one GC-PDCCH can be applied to different cells. Given that different cells and different BWPs can have different numerology, the set of combinations for slot formats configured by higher layer parameter SFI-set should be associated with a reference SCS. 
The corresponding text proposal is in Appendix 2.
Proposal 2: The set of combinations for slot formats configured by higher layer parameter SFI-set should be associated with a reference numerology.  Details of the text proposal are as shown in Appendix 2.
4 Conclusion

In this contribution, we give the SFI table design considering SS block mapping pattern and have the following observation and proposal.
Observation 1： For the slot carrying SSB with 15 kHz or 30 kHz SS block mapping pattern 1 , the slot with 60 kHz SCS on nearby PRBS/BWPs can satisfy 0.5ms average latency while 30 kHz SCS cannot.
Proposal 1: The additional entry “DDXXXUUUDDDDDD” should be introduced to the SFI table in Rel-15. Details of the text proposal are as shown in Appendix 1.

Proposal 2: The set of combinations for slot formats configured by higher layer parameter SFI-set should be associated with a reference numerology.  Details of the text proposal are as shown in Appendix 2.
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Appendix 1
---------------------------------------------Start of text proposal--------------------------------------------------------

4.3.2
Slots
For subcarrier spacing configuration [image: image4.wmf]m
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OFDM symbols in a slot can be classified as ‘downlink’ (denoted ‘D’ in Table 4.3.2-3), ‘flexible’ (denoted ‘X’), or ‘uplink’ (denoted ‘U’).

In a downlink slot, the UE shall assume downlink transmissions to occur in ‘downlink’ or ‘flexible’ symbols only.

In an uplink slot, the UE shall transmit in ‘uplink’ or ‘flexible’ symbols only.

Table 4.3.2-3: Slot formats.

	Format
	Symbol number in a slot

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D

	1
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	3
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X

	4
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X

	5
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X

	6
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X

	7
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X

	8
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	9
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	10
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	11
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	12
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	13
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	14
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	15
	X
	X
	X
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	16
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	17
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	18
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	19
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	20
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	21
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U

	22
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	23
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	24
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U

	25
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	26
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	27
	D
	D
	D
	X
	X
	X
	X
	X
	X
	X
	X
	U
	U
	U

	28
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U

	29
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U

	30
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U

	31
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	U
	U

	32
	D
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U

	33
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	34
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	35
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	36
	D
	D
	D
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	37
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	38
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	39
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	40
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U
	U

	41
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U
	U

	42
	D
	D
	D
	X
	X
	X
	U
	U
	U
	U
	U
	U
	U
	U

	43
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	U

	44
	D
	D
	D
	D
	D
	D
	X
	X
	X
	X
	X
	X
	U
	U

	45
	D
	D
	D
	D
	D
	D
	X
	X
	U
	U
	U
	U
	U
	U

	46
	D
	D
	D
	D
	D
	D
	X
	D
	D
	D
	D
	D
	D
	X

	47
	D
	D
	D
	D
	D
	X
	X
	D
	D
	D
	D
	D
	X
	X

	48
	D
	D
	X
	X
	X
	X
	X
	D
	D
	X
	X
	X
	X
	X

	49
	D
	X
	X
	X
	X
	X
	X
	D
	X
	X
	X
	X
	X
	X

	50
	X
	U
	U
	U
	U
	U
	U
	X
	U
	U
	U
	U
	U
	U

	51
	X
	X
	U
	U
	U
	U
	U
	X
	X
	U
	U
	U
	U
	U

	52
	X
	X
	X
	U
	U
	U
	U
	X
	X
	X
	U
	U
	U
	U

	53
	X
	X
	X
	X
	U
	U
	U
	X
	X
	X
	X
	U
	U
	U

	54
	D
	D
	D
	D
	D
	X
	U
	D
	D
	D
	D
	D
	X
	U

	55
	D
	D
	X
	U
	U
	U
	U
	D
	D
	X
	U
	U
	U
	U

	56
	D
	X
	U
	U
	U
	U
	U
	D
	X
	U
	U
	U
	U
	U

	57
	D
	D
	D
	D
	X
	X
	U
	D
	D
	D
	D
	X
	X
	U

	58
	D
	D
	X
	X
	U
	U
	U
	D
	D
	X
	X
	U
	U
	U

	59
	D
	X
	X
	U
	U
	U
	U
	D
	X
	X
	U
	U
	U
	U

	60
	D
	X
	X
	X
	X
	X
	U
	D
	X
	X
	X
	X
	X
	U

	61
	D
	D
	X
	X
	X
	X
	U
	D
	D
	X
	X
	X
	X
	U

	62
	D
	D
	X
	X
	X
	U
	U
	U
	D
	D
	D
	D
	D
	D

	63– 255 
	Reserved


---------------------------------------------End of text proposal--------------------------------------------------------
Appendix 2

--------------------------------------------Start of text proposal--------------------------------------------------------

11.1.1
UE procedure for determining slot format

If a UE is configured by higher layers with parameter SFI-PDCCH, the UE is configured with a SFI-RNTI provided by higher layer parameter SFI-RNTI and with a set of serving cells by higher layer parameter SFI- cell-to-SFI for monitoring PDCCH conveying DCI format 2_0. Per serving cell in the set of serving cells, the UE can be configured 

-
control resource sets by higher layer parameter SFI-SS for monitoring PDCCH conveying DCI format 2_0;
-
a payload size of DCI format 2_0by higher layer parameter SFI-DCI-payload-length;
-
a location of a field in DCI format 2_0 by higher layer parameter cell-to-SFI;

-
a set of combinations for slot formats [4, TS 38.211] by higher layer parameter SFI-set which is associated with a reference numerology;
-    a number of PDCCH candidates for CCE aggregation level [image: image11.wmf]L

 for DCI format 2_0by higher layer parameter SFI-Num-PDCCH-cand; 
-
a CCE aggregation level [image: image12.wmf]L

 for the PDCCH candidates with DCI format 2_0 by higher layer parameter SFI-aggregation-level; 
-
a monitoring periodicity for PDCCH with DCI format 2_0 by higher layer parameter SFI-monitoring-periodicity.
If a UE detects a DCI format 2_0 in slot [image: image13.wmf]SFI
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, the slot format for each of the slots [image: image14.wmf](
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 in a serving cell is given by the combination for slot formats indicated for the serving cell by a respective field for the serving cell in the DCI format 2_0 at a location provided by higher layer parameter cell-to-SFI, where [image: image15.wmf]SFI
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 is the value of the parameter SFI-monitoring-periodicity configured to a UE by higher layers for a DCI format 2_0. 
---------------------------------------------End of text proposal--------------------------------------------------------
Agreements:


A reference SCS is signaled together with cell-specific DL/UL assignment link configured period in ms and configured pattern (x1,x2,y1,y2) is slots/symbols


For Rel 15, the same reference SCS is applied to UE-specific DL/UL assignment link configured period in ms and configured pattern (x3,x4,y3,y4) is slots/symbols











