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1 Introduction

In the previous meetings, the following agreements on slot format were reached [1][2]. 
	About GC-PDCCH SFI:

Agreements:(90bis)
· For the UE specific single-slot/multi-slot set SFI table configuration

· Each entry of the table indicates a sequence of configured single-slot slot formats 

· Note if the sequence length is 1, the entry is a single-slot slot format

· Note if the sequence length is more than one, the entry is a multi-slot slot format

· Note that it is possible all the slots in a multi-slot slot-format can have the same slot format

· Note The entries in the table can be of different length including a mix of single slot SFI and multi-slot SFI

· The length of each entry in the table is FFS, e.g., multiple of configured GC-PDCCH monitoring period, a fraction of the configuration GC-PDCCH monitoring period, etc.
Agreements:(91)
· On the indicated effective range of the dynamic SFI, the earliest slot the SFI can be applied is the same slot

· FFS: The DL cancellation and UL cancellation action time
Agreements(91):

· For GC-PDCCH monitoring, the period is GC-PDCCH SCS dependent

· For 15 kHz SCS (slots based on 15 kHz): 1,2,5,10,20

· For 30 kHz SCS (slots based on 30 kHz): 1, 2, 4, 5, 10, 20

· For 60 kHz SCS(slots based on 60 kHz): 1, 2, 4, 5, 8, 10, 20

· For 120 kHz SCS(slots based on 120 kHz): 1, 2, 4, 5, 10, 20
About semi-static transmission configuration:
Agreements:(90bis)
· For the cell-specific higher layer signalling on semi-static DL/UL assignment, the transmission indication is in pattern of DL-unknown-UL. The signaling include: 

· For DL resources indication, the signaling include:

· Number of full DL slot(s) (x1) at the beginning of the period. Values for x1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of DL symbol(s) follow the full DL slots (x2). Values for x2 include {0,1,…, 13}

· For UL resource indication, the signaling include:

· Number of full UL slot(s) (y1) at the end of the period. Values for y1 include {0,1,…, (Number of slots in a UL-DL switching periodicity)}
· Number of UL symbol(s) (y2) preceeds full UL slots. Values for y2 include {0,1,…, 13}
· The resource(s) in a period between DL and UL segments are unknown resources.

· FFS The UE does not receive and not transmit on ‘Unknown’ resources in cell-specific higher layer signalling if not otherwise indicated.

Agreements:(90bis)
· For the UE-specific higher layer signalling on semi-static DL/UL assignment, 

· The signaling includes the indication as per slot basis, the signalling includes:

· Number of DL symbol(s) (y3) in the beginning of slot No.x3

· Values for x3 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y3 include {0,1,…,13,14}
· Number of UL symbol(s) (y4) in end of slot No.x4

· Values for x4 include {1,…, (Number of slots in a UL-DL switching periodicity)}
· Values for y4 include {0,1,…,13,14}
· The resource(s) in a slot without DL/UL indication are unknown resource(s).

· FFS the UE does not receive and not transmit on ‘Unknown’ resources in UE-specific higher layer signalling if not otherwise indicated.

· FFS At most single DL/UL switching point exists in a UL-DL switching periodicity.

Agreements:(91)
· A reference SCS is signaled together with cell-specific DL/UL assignment link configured period in ms and configurated 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  configurated pattern (x3,x4,y3,y4) is slots/symbols

Agreements(91):

· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120 kHz SCS only), 1.25ms (for >=60 kHz SCS), and 2.5ms (for >=30 kHz SCS)

· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included

· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms

· When two periodicities are included, the corresponding parameters are independently configured.

· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)



In this contribution, we give our further considerations slot format issues.
2 Analysis on cell-specific frame structure

2.1 Cell-specific frame structure configuration

It’s agreed that the value of periodicities for semi-static configured DL/UL transmission included 0.5ms, 0.625ms, 1ms, 1.25ms, 2ms, 2.5ms, 5ms, and 10ms. This can support cell-specific frame structure. The DL/UL resource allocation granularity can be configured with slot level and symbol level. 

We see the benefits of 2n slot(s) length DL/UL configuration periodicity (type1 frame structure). It would achieve benefit than multiples of 5 slots length DL/UL configuration periodicity (type2 frame structure). Firstly, the type1 frame structure adapt to different SCSs much better than type2 frame structure (e.g. 2ms DL/UL configuration periodicity has 4 slots with 30 kHz SCS, 2 slots with 15 kHz SCS, 8 slots with 60 kHz; 2.5ms DL/UL configuration periodicity has 5 slots with 30 kHz SCS, 10 slots with 60 kHz, but it can’t support 15 kHz). Secondly, the type1 frame structure support shorter slots length DL/UL configuration periodicity, in other words, it provides more frequency of UL periodic signals and CQI feedback transmission opportunities, which leads to more accurate channel estimation and MCS determination. And, type1 frame structure support more cases of two DL/UL switch point pattern, it’s necessary to the scenario of low latency traffic.(e.g. with 30 kHz SCS, 2ms periodicity frame support 1ms+1ms combination frame structure, but 2.5ms periodicity frame can’t divide periodicity into 1.25ms+1.25ms combination frame structure). The number of slots corresponding to different DL/UL configuration periodicities and SCS is given in table1. 

Table 1. Number of slots to different cell-specific periodicities and SCS
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Proposal1: 2n slot(s) length DL/UL configuration periodicity should be well supported.

According to the agreements in RAN1 #91 meeting, 2 concatenated DL-unknown-UL periodicity have been agreed. But it only explicitly state {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms. In RAN1 #89 meeting, it explicitly agree to support [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms. The current specification missed the 0.125ms and 0.25ms. The 120 kHz SCS can support the minimum periodicity is 0.5ms with 4 slots per periodicity. From the perspective of latency and frequency UL periodic signals and CQI feedback transmission opportunities, the shorter DL/UL configuration periodicity 0.125ms and 0.25ms should be supported with 120 kHz SCS. This 2 periodicity is also beneficial for more flexible configuration in the X+Y ms cell specific structure.
Proposal2：The missing DL/UL configuration periodicity 0.125ms and 0.25ms should be supported in the specification.
---------------------------------------------Text Proposal in 6.3.2, 38.331---------------------------------------
–
TDD-UL-DL-Config

The TDD-UL-DL-Config IEs determines the Uplink/Downlink TDD configuration. There are both, UE- and cell specific IEs.

TDD-UL-DL-Config information element

-- ASN1START

-- TAG-TDD-UL-DL-CONFIG-START

TDD-UL-DL-ConfigCommon ::=



SEQUENCE {


-- Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific


-- virutal carriers, i.e., independent of the actual subcarrier spacing using for data transmission. 


-- Corresponds to L1 parameter 'reference-SCS' (see 38.211, section FFS_Section)


refereceSubcarrierSpacing


SubcarrierSpacing


OPTIONAL,


-- Periodicity of the DL-UL pattern. Corresponds to L1 parameter 'DL-UL-transmission-periodicity' (see 38.211, section FFS_Section)


dl-UL-TransmissionPeriodicity

ENUMERATED { ms0p125, ms0p25, ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}





OPTIONAL,

2.2 Analysis the HARQ processes of two types frame structure

· For slot-based scheduling:

· DL-grant reception in slot N and corresponding downlink data transmission in slot N+K0

· DL data reception in slot N and corresponding acknowledgement in slot N+K1

· UL-grant in slot N and corresponding uplink data transmission in slot N+K2

· UL ACK/NACK reception in slot N and corresponding retransmission of PDSCH data in slot N+K3

· Initial transmission of PUSCH data in slot N and corresponding retransmission of PUSCH data in slot N+K4

The value of K1and K2 are related to the UE’s capability and frame structure. From the agreements of RAN1 #91 meeting, we can get the value of UE’s processing time and HARQ time [2]. Based on the value of N1, N2, we can get the minimum value of K1 if UE feedback the ACK/NACK in short PUCCH, e.g. the minimum value of K1 is equal to 1 with 30 kHz SCS. In other case, in order to guarantee good uplink coverage, it only use long PUCCH, in this case, the minimum value of K1 is equal to 2(e.g. with 30 kHz SCS). Based on the value of N2, and the number of PDCCH symbols and the start position of PUSCH symbols, we assume the value of K2 is equal to 1 or 2(e.g. with 30 kHz SCS). 

To facilitate analysis, we choose 5 slots and 4 slots length frame structure from type2 and type1 frame structure respectively as a baseline. 30 kHz SCS is as reference SCS, the pattern of 4 slots length frame structure is “DDSU” and 5 slots length frame structure is “DDDSU”.  Then we analysis the HARQ processes of two types frame structure in different parameters. The parameters set cases as following:

· Case 1: K0=0, K1=K2=1, K3=K4=3

· Case 2: K0=0, K1=K2=2, K3=K4=3

· Case 3: K0=0, K1=K2=2, K3=6, K4=3
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Fig1. Illustration HARQ processes with DDSU pattern in case1
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Fig2. Illustration HARQ processes with DDDSU pattern in case1
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Fig3. Illustration HARQ processes with DDSU pattern in case2
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Fig4. Illustration HARQ processes with DDDSU pattern in case2
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Fig5. Illustration HARQ processes with DDSU pattern in case3
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Fig6. Illustration HARQ processes with DDDSU pattern in case3

From the illustration HARQ processes of 2 types frame structure in three case, we can see that DDSU pattern allows one less DL HARQ process and the same UL HARQ process to be supported  compare to  DDDSU pattern.  In all of case, the maximum number of DL HARQ processes of DDSU pattern is 8 and the maximum number of DL HARQ processes of DDDSU pattern is 9. But in initial 5G deployment, many UEs may only support up to 8 HARQ processes. In some case, multiples of 5 slots length DL/UL configuration periodicity could support the minimum number of HARQ processes is 9, it’s not suitable for this kind of UEs..
Above analysis, without considering some periodic reference signals, 2n slot(s) length DL/UL configuration periodicity have less one DL HARQ processes and it can suitable for more scenarios than multiples of 5 slots length DL/UL configuration periodicity. Considering advantages of 2n slot(s) length DL/UL configuration periodicity, a set of suitable periodic reference signals will be introduced in the companion contribution [4].
3 Monitoring periodicity 
3.1 Analysis
For GC-PDCCH with SFI monitoring occasion configuration, in 91 meeting, the monitoring period K = {4 8} have been agreed together with K = {1 2 5 10 20}. This is to support cross-numerology and cross-carrier indication at least for 15 kHz ~ 60 kHz. If the GC-PDCCH using numerology1 and the SFI in GC-PDCCH indicate a component cell/BWP with numerology2, the monitoring period K = {4, 8} can be good choice especially when the SCS of numerology1 is larger than the SCS of numerology2. This is due to the multiple of numerology1 SCS and numerology2 SCS satisfies the power of 2. 
However, although the RAN1 gives the candidate occasion be power of 2 to other numerology, not all the combination can work. One example could be the GC-PDCCH numerology1 SCS is 60 kHz with K=2 and the indicated numerology2 SCS is 15 kHz. As shown in Fig.1, the UE will receive two GC-PDCCH including SFI in a numerology2 slot. It will unclear for UE to follow which indication. GC-PDCCH command rules need to be introduced.

[image: image8.emf]1slot

Numerology2:

SCS=15kHz:

GC PDCCH

Monitor occasion

1

2 3 4

5 6 7 8

Numerology1:

SCS=60kHz:

1 slot

9 10


Fig. 1 Cross-numerology GC-PDCCH indication 
3.2 Proposed change for the issue 
Considering those duplicated GC-PDCCH case shown in the Fig.1, UE should be defined with a rule to receive the GC-PDCCH. In the example the UE will receive another slot format from GC-PDCCH in mumerolgy1, which is in the slot middle of numerology2. As a simple solution, UE can just discard the indication in the middle and keep the SFI indicated in the beginning of the slot. 
Proposal3: In case of cross numerology indication of slot format in GC-PDCCH, UE can just discard the indication in the middle and keep the SFI indicated in the beginning of the slot.
4 The effective slot formats across numerologies
4.1 Analysis
In the last meeting, we had agree that the period is GC-PDCCH SCS dependent for GC-PDCCH monitoring. This can support cross numerology indication. However, it is unclear what the SCS is assumed for cross numerology. Simple solution is assumed in current specification that the numerology is based on the targeting numerology. In the same time, 62 entries of single slot format is introduced. One problem is one slot format 62 entries can hardly to be multiple of power of 2 as another entry as shown in table 2. This will make it hard to use different numerologies in adjacent carriers with same UL/DL switching time. For UE with simple RF design, the case also need to be supported in non-adjacent carriers.
Table 2. Numerology1 need a new format, SCS of numerolgy1 is 2*SCS of numerolgy0
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	Numerology0
	D
	D
	D
	D
	D
	D
	D
	D
	D
	X
	X
	X
	U
	U

	Numerology1
	DD
	DD
	DD
	DD
	DD
	DD
	DD
	DD
	DD
	XX
	XX
	XX
	UU
	UU


One solution is to configure a reference numerology just like semi-static configuration of transmission direction, the SFI indicates the slot format corresponding to the reference numerology. If the target cell/BWP's numerology is not the reference numerology, some scaling mechanism will be applied. Then, different numerologies’ cells/BWPs can align the transmission direction. Another method is that the numerology using to transmit SFI is assumed as the default reference numerology. Similar, the scaling mechanism is still needed. In real scenario, not only CA will require this. For single-carrier case, cross numerology SFI indication are needed in case of different numerologies for different UEs.
4.2 Proposed change for the issue

RAN1 need to clarify the reference numerology of the dynamic SFI, and specify a scaling mechanism for supporting of cross numerology SFI indication.

Proposal4:  NR introduce the reference numerology scheme for dynamic SFI. The UL/DL configuration is driven from the slot format of reference numerology.
----------------------------------------Text Proposal for 38.213-------------------------------------------
11.1.1
UE procedure for determining slot format

………………

If a UE detects a DCI format 2_0 in slot [image: image9.png]


, the slot format for each of the slots [image: image10.png]T g mTgy +1, ., [ +1)T gy —1}



 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: image11.png]


 is the value of the parameter SFI-monitoring-periodicity configured to a UE by higher layers for a DCI format 2_0. The UE determines a duration of each slot based on the subcarrier spacing value of the SFI-PDCCH. 
5 Indication for multiple slots
5.1 Analysis
It was agreed in RAN1 #90bis that multiple slots can be indicated in GC-PDCCH. Exactly how to correspond the slot and multiple indication was not given in the agreements. According to the RRC signalling specified after RAN1 #91, gNB can configure multiple SFI entries. The parameter is named as 'slot-format-combination-index', each of which including a 'SFI-index' and a 'slot-format-combination'. A 'slot-format-combination' is the combination of multiple slot formats. The slot-format is defined in table 4.3.2-3[3], so if the 'slot-format-combination' includes one slot-format, this entry is a single-slot format, and if the 'slot-format-combination' includes multiple slot-formats, this entry is a multi-slot format. 
In [3] it specified that one SFI indication determines the slot format of a duration of one monitoring period by the combination for slot formats. It does not restrict the number of slots in a combination. Assuming the monitoring period is K=4, one SFI indication determines the following four slots' format starting from the SFI receiving slot. If the entry indicated by SFI is a single-slot entry, simple solution is the following four slot follow the slot format in this entry.  If the entry is a multi-slot entry and the number of slots in the indicated combination does not match the slot periodicity, determination of each slot need to be clarified. It falls into cases:
· Case1: The multi-slot entry contains M slot formats. M is smaller than K. Then, it can divides the K slots into several M-slots in wrap-around.
· Case2: Each slot format in the multi-slot entry refers to several continuous slots, and the total of all these continuous slots refers to the whole K slots.
It should be clarify for the above cases.
5.2 Proposed change for the issue

RAN1 should clarify how to determine each slot's format under multi-slot format entry, if the number of slots in the indicated combination does not match the slot periodicity. 
Proposal5:  The multi-slot entry contains M slot formats. M is smaller than K. Then, it can divides the K slots into several M-slots in wrap-around.
6 Undetected slot format indication
6.1 Analysis
If gNB configures one UE need to monitor GC-PDCCH, UE should monitor GC-PDCCH to receive SFI at each monitoring occasion. But UE may not successively receive SFI at a monitoring occasion. It is not specified what slot format should be assumed in the following monitoring periodicity.
6.2 Proposed change for the issue

If the semi-static transmission direction configured, UE can follow the semi-static configuration. If not, UE can assume all slots of the following periodicity are 'Unknown'.
Proposal6: UE should assume the unindicated symbols/slots as 'Unknown'.
7 Conclusion

In this contribution, we discuss some remaining issues regarding the slot format. Proposals are given accordingly. For proposal4 in the section4.2, text proposal to 38.213 is also given to address the incompatible time duration for different numerologies in dynamic slot format indication.
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