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1. Introduction
In RAN1 #91 meeting, the following agreements on periodicity of NR frame structure have been reached.
Agreements:
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz 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)
It can be observed that there are basically two kinds of frame structure periodicity, i.e. 2^n slots based frame structure periodicity and n*5 slots based frame structure periodicity. Current agreements on the configuration of periodic signal/channel (periodic CSI-RS, SRS, CSI reporting, SR, etc.) are mainly based on the values from LTE, which fits the 2nd frame structure periodicity (i.e. n*5 slots based) very well but seems unsuitable to the 1st frame structure periodicity (i.e. 2^n slots based).  As described in our companion contribution [1], there are various benefits of supporting the 2^n slots based frame structure e.g. in order to support 2ms DL/UL switching time especially if we consider lower latency requirements in NR.  So it is important to have good specification support to make such frame structure useful in NR deployment. Therefore, in this contribution we propose additional periodicities for these periodic signals/channels in an effort to make the 1st frame structure periodicity work well.  
2. Text Proposals for additional periodicity values
The periodic (including semi-persistent if supported) signals/channels we considered are CSI-RS, SRS, CSI-IM, CSI reporting, SR, search space monitoring and GC-PDCCH monitoring.  In the current NR specifications, most of these signals/channels only support n*5 slot based frame structure periodicity well.  In this section, we provide some text proposals to add more periodicity values of 2^n so that it can align with the 2^n slots based frame structure. 

0
2.1 CSI-RS 
In the current NR specifications, the supported CSI-RS periodicity values are {5,10,20,40,80,160,320,640}. We propose to add periodicity values of 4, 8 and 16 to the RRC parameter CSI-RS-timeConfig in 38.331 and update the following table in 38.211.
----------------------------Text Proposal -------------------------------
	Table 7.4.1.5.2-6: Slots containing CSI-RS.
	CSI-RS-timeConfig


	Slot offset
	Periodicity

	0-3
	[image: ]
	4

	0 – 44-8
	[image: ]-4
	5

	9-16
	[image: ]-9
	8

	5 – 14 17-26
	[image: ][image: ]-17
	10

	27-42
	[image: ]-27
	16

	15 – 34 43-62
	[image: ][image: ]-43
	20

	35 – 7463-102
	[image: ][image: ]-63
	40

	75 – 154 103-182
	[image: ][image: ]-103
	80

	155 – 314183-342
	[image: ][image: ]-183
	160

	315 – 634343-662
	[image: ][image: ]-343
	320

	635 – 1274663-1302
	
[image: ]-663
	640






2.2 SRS 
In the current NR specifications, the supported SRS periodicity values are {1, 2, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560}. We propose to add values of 4, 8 and 16 to the RRC parameter SRS-SlotConfig in 38.331 and update in 38.211 as follows:
----------------------------Text Proposal -------------------------------

	0Table 6.4.1.4.4-1: SRS time configuration.
	
SRS Configuration Index 

	SRS Periodicity (slots)


	SRS Slot Offset 



	0
	1
	0

	1 – 2
	2
	


	3-6
	4
	


	37 – 711
	5
	


	12-19
	8
	


	820 – 1729
	10
	


	30-45
	16
	


	18 – 3746-65
	20
	


	38 – 7766-105
	40
	


	78 – 157106-185
	80
	


	158 – 317186-345
	160
	


	318 – 637346-665
	320
	


	638 – 1277666-1305
	640
	


	1278 – 25571306-2585
	1280
	


	2558 – 50772586-5145
	2560
	


	5078 – 81915146-8191
	Reserved
	Reserved






2.3 CSI-IM
For CSI-IM periodicity, it is TBD in 38.214.  We propose to just follow the periodicity for CSI-RS.
-	CSI-IM-timeConfig defines the CSI-IM periodicity and slot offset for periodic/semi-persistent CSI-IM according to the Subclause TBD of [4, TS 38.211].
Proposal:  For CSI-IM periodicity, follow the same set of periodicity values defined for CSI-RS. 
 
2.4 CSI reporting
In the current NR specifications, the supported periodicity values of periodic or semi-persistent CSI reporting are {5, 10, 20, 40, 80, 160, 320}.  Further, CSI-RS supports 640 slots as periodicity. But the maximum periodicity of CSI reporting is 320 slots, which is not necessary when 640-slot-periodicity CSI-RS is configured. Hence it would be more reasonable to include 640 slots as one of the periodicity values for CSI reporting.  We propose to add values of 4, 8, 16 and 640 in 38.214 as follows:
----------------------------Text Proposal -------------------------------
	For periodic or semi-persistent CSI reporting on PUCCH, 
· the following periodicities (measured in slots) are configured by the higher layer parameter ReportPeriodicity: {4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640}.  
· the slot offset is configured by higher layer parameter ReportSlotOffset. The candidate values of slot offset for different periodicities are given in Table-5.2.1.4-a. 
Table 5.2.1.4-2: Candidate values of CSI report periodicity and slot offset for periodic and semi-persistent CSI reporting on the PUCCH
	Slot offset
	Periodicity

	0 – 3
	4

	0 – 4
	5

	0 – 7
	8

	0 – 9
	10

	0-15
	16

	0 – 19
	20

	0 – 39
	40

	0 – 79
	80

	0 – 159
	160

	0 – 319
	320

	0 – 639
	640


For semi-persistent CSI reporting on PUSCH, the following periodicities (measured in slots) are configured by the higher layer parameter ReportPeriodicity-spCSI: {4, 5, 8, 10, 16, 20, 40, 80, 160, 320, 640}.  



2.5 SR
The SR periodicity are defined in 38.331. It is proposed to add periodicity of 4, 8, 16 slots in the section 6.3.2
----------------------------Text Proposal -------------------------------
SchedulingRequestResource-Config
The IE SchedulingRequestResource-Config determines physical layer resources on PUCCH where the UE may send the dedicated scheduling request (D-SR) (see 38.213, section 9.2.2). 
SchedulingRequestResource-Config ::=			SEQUENCE {
	-- SR periodicity. Corresponds to L1 parameter 'SR-periodicity' and 'SR-offset' (see 38.213, section 9.2.2)	
	-- FFS_Value: Check whether value ranges are implemented correctly for higher SCSs.
	periodicityAndOffset							CHOICE {
		-- FFS_RAN1: Need to signal an offset or is it known from PUCCH format configuration?
		sym2											NULL,						
		-- FFS_RAN1: Need to signal an offset or is it known from PUCCH format configuration?
		sym7											NULL,						
		sl1												NULL,						-- Recurs in every slot
		sl2												INTEGER (0..1),
		sl4												INTEGER (0..3),
		sl5												INTEGER (0..4),
		sl8												INTEGER (0..7),
		sl10											INTEGER (0..9),
		Sl16											INTEGER (0..15),
		sl20											INTEGER (0..19),
		sl40											INTEGER (0..39),
		sl80											INTEGER (0..79),
		sl160											INTEGER (0..159),			-- Only for 30, 60 and 120 Khz Subcarrier Spacing
		sl320											INTEGER (0..319), 			-- Only for 60 and 120 Khz Subcarrier Spacing
		sl640											INTEGER (0..639) 			-- Only for 120 Khz Subcarrier Spacing
	}																														OPTIONAL,
	-- Format, length, ... of this SR reosurce. Corresponds to L1 parameter 'SR-resource' (see 38.213, section 9.2.2)
	-- FFS_CHECK: Is the implementation as intended by RAN1? Or were these supposed to be just IDs pointing to a resource configured elsewhere?
	resource										CHOICE {
		format0											PUCCH-format0,
		format1											PUCCH-format1
	}																										OPTIONAL
}
2.6 Search space monitoring  
The SS monitoring periodicity are defined in 38.331. It is proposed to add periodicity of 4, 8, 16 slots in the section 6.3.2 as well.
----------------------------Text Proposal -------------------------------
-- A search space defines how/where to search for PDCCH candidates. A search space is associated with one Control Resource Set
SearchSpace ::= 						SEQUENCE {
	searchSpaceId							SearchSpaceId,

	-- The CORESET applicable for this SearchSpace. 
	-- FFS: Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon?
	-- FFS: Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling?
	controlResourceSetId					ControlResourceSetId,

	-- Slots for PDCCH Monitoring configured as periodicity and offset. Corresponds to L1 parameters 'Montoring-periodicity-PDCCH-slot' and 
	-- 'Montoring-offset-PDCCH-slot' (see 38.213, section 10)
	-- sl15, sl10, sl20 FFS
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1										NULL, 
		sl2										INTEGER (0..1), 
		Sl4										INTEGER (0..3), 
		sl5 									INTEGER (0..4),
		Sl8										INTEGER (0..7), 
		sl10 									INTEGER (0..9),
		Sl16									INTEGER (0..15), 
		sl20 									INTEGER (0..19)
	}																													OPTIONAL,


2.7 GC-PDCCH monitoring  
In 38.331, GC-PDCCH monitoring periodicity already support 4 and 8 slots. It is proposed to add periodicity of 16 slots on top of it in the section 6.3.2.
----------------------------Text Proposal -------------------------------
-- Configuration of monitoring a Group-Common-PDCCH for Slot-Format-Indicators (SFI)
SlotFormatIndicatorSFI ::= 				SEQUENCE {
	searchSpace									SEQUENCE {
		-- FFS: RAN1 indicates that the UE uses the ”CSS” if no CORESET is provided. But a CSS is not the same as a CORESET?!?!! 
		controlResourceSetId					ControlResourceSetId														OPTIONAL,
		-- RNTI used for SFI on the given cell
		-- Corresponds to L1 parameter 'SFI-RNTI' (see 38.213, section FFS_Section)
		sfi-RNTI									RNTI-Value													OPTIONAL,
		-- Monitoring periodicity of SFI PDCCH in slots. 
		-- o For 15KHz SCS  (slots based on 15kHz):  1, 2,    5,    10, 20
		-- o For 30KHz SCS  (slots based on 30kHz):  1, 2, 4, 5,    10, 20
		-- o For 60KHz SCS  (slots based on 60kHz):  1, 2, 4, 5, 8, 10, 20
		-- o For 120KHz SCS (slots based on 120kHz): 1, 2, 4, 5,    10, 20
		-- Corresponds to L1 parameter 'SFI-monitoring-periodicity' (see 38.213, section FFS_Section)
		monitoringPeriodicity						ENUMERATED {sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20, spare1}			OPTIONAL,
		-- The number of PDCCH candidates for the configured aggregation level.
		-- Corresponds to L1 parameter 'SFI-Num-PDCCH-cand' (see 38.213, section FFS_Section)
		nrofCandidates								ENUMERATED {n1, n2},
		-- The aggregation level for the SFI-PDCCH. Corresponds to L1 parameter 'SFI-Aggregation-Level' (see 38.213, section FFS_Section)
		aggregationLevel							ENUMERATED {n1, n2, n4, n8, n16}
	},	

3. Conclusion
In this contribution, we provide text proposals to add more periodicity values of 2^n for periodic/semi-persistent signals/channels so that it can support the 2^n slots based frame structure well.
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