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1 Introduction
In RAN1 #90bis meeting, the SRS time periodicity design was briefly discussed.Follwing agreement was made [1].
Agreement
· LTE SRS configuration tables are starting point for NR SRS configuration table design.

· At least 2, 5, 10, 20, 40, 80, 160, 320 slots periodicity are supported for 15KHz SCS

· FFS on additional periodicities for other numerologies

FFS: supported slot offset for each supported numerology

In this contribution, we consider the SRS time periodicity.
2 Discussion
2.1  SRS periodicity configuration with semi-static DL/UL  configuration
In this document, we focus on TDD aspect rather than FDD aspect because FDD time periodicity is simpler than TDD. Obviously, the UE requires UL resources to transmit SRS. So, the time periodicity in TDD is strongly related to DL/UL TDD configuration. 
There are two kinds of DL/UL configuration, semi-static configuration and dynamic configuration. At first, we dicuss about semi-static DL/UL configuration.Following agreement is related to semi-static configuration.Following is an agreement which is related to semi-static DL/UL configuration
	#86 meeting

Agreements: 
· NR supports at least semi-statically assigned DL/UL
·  transmission direction as gNB operation
· The assigned DL/UL transmission direction can be signalled to UE by higher layer signalling


The LTE DL/UL sub frame based configuration spans one radio frame.As well as LTE, we guess that semi-static DL/UL slot based configuration spans a radio frame. 
 In NR, a number of slot in a radio frame changes in accordance with subcarrier spacing setting as follows[2].

	3GPP TS 38.211 V0.2(2017-08) [2]

Table 4.3.2-1: Number of OFDM symbols per slot, 
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Compared to LTE(only 7 configurations), the DL/UL configuration for NR may be very flexible because there are up to 320 slot in a radio frame. So, the lookup table for within the range of a radio frame is required to configure periodic SRS resource. The unit of the look-up table should be slot. Therefore, the size of look-up table changes in accordance with the sub carrier spacing configuration.

Proposal 1:NR shall supports 6 look-up tables for different sub carrier spacing. For 15kHz,30kHz,60kHz,120kHz,240kHz,480kHz, the size of  each look-up table is 10,20,40,80,160,320.
In addition to the look-up table, NR needs a periodic SRS configuration. The 4th column of  the table1 shows an example of periodicity configuration. Therefore, the period above the range of a radio frame  should be N times  
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Proposal 2:In addition to the look-up table, NR shall supports periodic SRS configuration using  N times 
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 for SRS resource in TDD. 
Table 1 Example for the periodicity configuration
	Sub carrier spacing
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	Example of the periodicity configuration(unit is slot)

	15kHz
	10
	10,20,30,40,50, …

	30kHz
	20
	20,40,60,80, …

	60kHz
	40
	40,80,120, …

	120kHz
	80
	80,160, 240, …

	240kHz
	160
	160, 320, 480, …

	480kHz
	320
	320, 640, 960, …


A number of slot included in a radio frame changes according to the sub carrier spacing configuration. When the network providing multiple BWPs with different sub carrier spacing configurations, UE needs to have a multiple look-up table and periodic configurations.

Proposal 3:In case of multiple BWPs in TDD, multiple SRS periodicity configurations and multiple look-up tables are provided by the network.
As for FDD, the look-up table isn’t required because UL resource always exists. But, as well as TDD case, multiple sub carrier spacing need to be considered.
Proposal 4: In case of multiple BWPs in FDD, multiple SRS periodicity configurations are provided by the network.
After #90bis meeting, there was an e-mail discussion about over writing rules (See Appendix 1).In the e-mail agreement, following description part is very important for the SRS resource configuration.
Part1 of e-mail discussion agreement (See appendix 1)
	•        For the states from semi-static DL/UL assignment

•        “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data


The point of the description is “Unknown”. In the 90bis meeting, the agreement related to unknown was made (See Appendix 2).  There are two configuration use case for unknown. The first one is that the unknown OFDM symbol occupy all over a slot. The other is a case where the unknown OFDM symbol is configured between DL OFDM symbol and UL OFDM symbol within a slot. The resource of SRS OFDM symbol can be configured to use consecutive 1, 2 or 4OFDM Symbol in a slot. The SRS location in a slot is at least the last 6 OFDM symbol. In order to transmit SRS, unknown OFDM symbol + UL OFDM symbol should be larger than configured SRS OFDM symbol. After the unknown OFDM symbol is overwritten by the measurement, if UL OFDM symbol number is larger than configured SRS OFDM symbol, the SRS can be transmitted. On the other hand, if the number of UL OFDM symbol in the slot is smaller than the number of configured SRS OFDM symbol shown in Figure 1, the SRS transmission should be cancelled.
Proposal 5: When the number of UL OFDM symbol in the slot configured for the SRS transmission is smaller than the number of configured SRS OFDM symbol, the SRS transmission is cancelled.
[image: image9.emf]scheduled

SRS time configuration using 

periodicity and look-up table

UL DL DL DL-UL DL DL-UL DL unknown UL DL UL

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 #13 OFDM sub carrier

DL UL

4 OFDM symbol for SRS

3 OFDM symbol 

#0 #1 #2 #3 #4 #5 #6 #7 #8 #9 #10

Slot number

Semi-static DL/UL 

configration


Figure 1 Relationship between SRS OFDM symbol and configured UL OFDM symbol
2.2  SRS periodicity configuration with dynamic DL/UL  configuration
After #90bis meeting, there was an e-mail discussion about over writing rules (See Appendix 1).In the e-mail agreement, following description part is very important for the  SRS resource configuration.
Part2 of e-mail discussion agreement (See appendix 1)
	•        For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

•        DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission

•        DL/UL direction implied by measurement can be overwritten by DL/UL from dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission


When UL resource for SRS transmission is overwritten by unknown/DL using dynamic SFI, the remaining last UL OFDM symbol number should be different in accordance with overwritten condition. When the remaining the last UL OFDM symbol is greater than the configured SRS OFDM Symbol, UE should be able to transmit SRS.
Proposal 6: For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

· When the UL resources for SRS is overwritten by unknown/DL,  if the remaining last UL OFDM symbol is larger than the configured SRS OFDM Symbol, UE behavior will be the transmission of SRS.

3. 
Conclusions
In this contribution, the following proposals are made:
Proposal 1:NR shall supports 6 look-up tables for different sub carrier spacing. For 15kHz,30kHz,60kHz,120kHz,240kHz,480kHz, the size of  each look-up table is 10,20,40,80,160,320.
Proposal 2:In addition to the look-up table, NR shall supports periodic SRS configuration using  N times 
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 for SRS resource in TDD. 

Proposal  3:UE needed to be configured using multiple SRS periodicity configuration and multiple look-up tables for multiple sub carrier spacing configurations in  TDD.
Proposal 4: UE needed to be configured using multiple SRS periodicity configuration for multiple sub carrier spacing configurations  in  FDD.
Proposal 5: When the number of UL OFDM symbol in the slot configured for the SRS transmission is smaller than the number of configured SRS OFDM symbol, the SRS transmission is cancelled.
Proposal 6: For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

· When the UL resources for SRS is overwritten by unknown/DL,  if the remaining last UL OFDM symbol is larger than the configured SRS OFDM Symbol, UE behavior will be the transmission of SRS.
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Appendix
Appendix 1( from e-mail discussion after 90bis meeting)

Agreements:
           On overwriting rules across semi-static DL/UL assignment, dynamic SFI, DCI, etc

•        Need to decide the overwriting rules between

•        Semi-static DL/UL assignment (including states DL, UL, unknown)

•        Dynamic SFI (indicated in GC-PDCCH with states DL, UL, and unknown)

•        UE specific data transmission (UE specific DCI triggered PDSCH, PUSCH, and PUCCH with A/N for a PDSCH)

•        Also include DCI triggered aperiodic measurement related signals, such as aperiodic CSI-RS, aperiodic SRS, etc

•        FFS: Broadcast transmission, sync, PRACH, RAR, UL data transmission without UL grant, …

•        Measurement: Measurement related signals semi-statically configured by UE-specific RRC (eg. periodic/semi-persistent CSI-RS for CSI report, periodic CSI report, periodic/semi-persistent SRS) where a DL or UL direction will be assumed

•        FFS: CSI-RS for RRM, TRS, etc

•        FFS: Other signals, measurements, and monitoring (including configured coreset monitoring)

•        Consider the following directions of potential overwriting in Rel. 15:

•        States from semi-static DL/UL assignment overwritten by measurement, dynamic SFI, or UE specific data

•        State from measurement overwritten by dynamic SFI or UE specific data

•        Dynamic SFI overwritten by UE specific data

•        FFS: UE-specific data and measurement related signals not semi-statically configured by RRC overwritten by “unknown” in dynamic SFI

· The timing requirement for overwriting

· UE behavior will be the cancellation of the measurement/data reception or measurement/data related transmission

•        For the states from semi-static DL/UL assignment

•        “Unknown” in semi-static DL/UL assignment can be overwritten by measurement, dynamic SFI, and UE specific data

•        DL/UL in semi-static DL/UL assignment cannot be overwritten to the other direction (DL to UL or UL to DL) by measurement, dynamic SFI and UE specific data

•        DL/UL in semi-static DL/UL assignment cannot be overwritten by “unknown” by dynamic SFI

•        For the states from measurement in symbols not under DL/UL from semi-static DL/UL assignment:

•        DL/UL direction implied by measurement can be overwritten by unknown in dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission

•        DL/UL direction implied by measurement can be overwritten by DL/UL from dynamic SFI

•        UE behavior will be the cancellation of the measurement or measurement related transmission

•        DL/UL direction implied by measurement can be overwritten by UE’s own UE-specific data if the UE specific data imples the other direction

•        UE behavior will be the cancellation of the measurement or measurement related transmission

•        UE will follow the DCI for UE-specific data transmission and reception

•        For the states in dynamic SFI in symbols not under DL/UL from semi-static DL/UL assignment (Already agreed in other agreements and only include for completeness)

•        DL/UL in dynamic SFI cannot be overwritten by UE specific data

•        UE will treat it as an error case when UE specific data and dynamic SFI imply different transmit directions

•        Unknown in dynamic SFI can be overwritten by UE specific data (change to DL or UL)

•        UE will follow the DCI for UE-specific data transmission and reception

Appendix 2( from 90bis meeting)

Agreements: 
· The single slot format table supports up to two D/U switching points per slot 

· Zero switching point: 14 DL symbols, or 14 unknown symbols, or 14 UL symbols.

· One D/U switching point of all combinations: Start with zero or more DL symbols, end with zero or more UL symbols, and with unknown symbols in between, where there is at least one unknown symbol and one DL or UL symbol.

· Two D/U switching points within a slot: The first 7 symbols start with zero or more DL symbols, ends with at least one UL symbol at symbol #6 with zero or more unknown symbols in between. The second 7 symbols starts with one or more DL symbols and ends with zero or more UL symbols with zero or more unknown symbols in the middle. 

· Note: This single slot slot format table will be captured in RAN1 spec. In Rel.15, RAN1will specify up to X<[256] entries, but the RRC signaling need to consider future compatibility with more entries and from RAN1 perspective, a total of [256] entries in the RRC signalling is necessary (with only X entries specified in Rel-15 in RAN1)
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