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1	Introduction
This contribution discusses the following open issue:
	FFS whether to support allowing CG periodicities of multiple of 2/7 symbols as a separate capability with a cross-slot boundary capability as a pre-requisite.



This contribution is a revision of the previously submitted paper, which addresses the concerns raised by the companies during further discussion in RAN2#109bis-e meeting, as summarized in [3]. The updated part of the document is highlighted in grey for easier tracking.

2	Discussion 
In offline discussion during RAN2#108 meeting, summarized in [1], the following concerns have been raised regarding the support of periodicities of multiple of 2/7 symbols for configured grants:
3.1. Potential resource allocations across the slot boundary: majority of companies agree that RAN1 supports scheduling PUSCH over the slot boundary; however, main open issue is related to the UE capabilities for doing so.
3.2. Other potential (not yet identified) PHY/MAC impact
“Potential impact” is always a valid concern when the new proposal emerges. However, until now no impact has been identified, so this does not seem to be a valid concern. Regarding issue 3.1, we would like first to note that the handling of resource allocations overlapping with the slot boundary is well defined in RAN1 specifications as follows:
· The UE may transmit a PUSCH that overlaps with the slot boundary if it supports and it is configured with “PUSCH repetition Type B” as part of the CG configuration. PUSCH repetition Type B is the name of the Rel-16 feature allowing PUSCH across slot-boundary agreed by RAN1 (more information in TS 38.214 V16.10.0 Sections 6.1.2.1 and 6.3.2).

· Otherwise, the UE does not transmit those PUSCHs that overlap with the slot boundary.  This has been clarified in the CR applied to TS 38.214 in [2], where the following was added to Section 6.1.2.3.1: “If the UE determines that, for a transmission occasion, the number of symbols available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.”
· Note that this case can already happen in Rel-15 CG operation, e.g. when configuring a CG with periodicity P=2 symbols, PUSCH duration L=2 symbols, and occurring on odd symbols (e.g. S = 1), such that every seventh PUSCH overlaps with the slot boundary. 
Observation 1: RAN1 specifications allow a UE to transmit a PUSCH that overlaps with the slot boundary if it supports and it is configured with “PUSCH repetition Type B” as part of the CG configuration. Otherwise, it does not transmit those PUSCHs that overlap with the slot boundary. 
As a final remark, if UE does not support “PUSCH repetition Type B” and dropping PUSCH occasions is not desired, it is possible (to a large extent) to avoid resource allocations overlapping with the slot boundary by implementation. For instance, for any periodicity multiple of 2 symbols, the slot boundary can be avoided if the PUSCH duration is equal to 2 symbols and the CG occurs on even slots; whereas cases with periodicities multiple of 7 symbols allow PUSCH durations up to 7 – S symbols, where S is the earliest start symbol where the PUSCH is scheduled (e.g. PUSCH duration of L=7 symbols if the start symbol is either #0 and #7 in a slot, or PUSCH duration of L=4 symbols if the start symbol is either #3 or #10). 
This topic was discussed in the e-mail discussion during RAN2#109bis-e meeting, which is summarized in [3], where there was a majority of companies supporting to allow periodicities of multiple of 2/7 symbols, but in the end the proposal was not brought up for discussion in the online session and no conclusion was reached. There were three issues raised by the skeptical companies, as can be seen in [3], i.e.:
1. Lack of IIOT use cases that demand such feature.
2. The same goal can be achieved by using multiple CG configurations with N*slot periodicities.
3. Different CG occurrences will see different collisions with SRS.
With respect to the first bullet, we would like to refer to Annex A in TS 22.104, which provides numerous examples of use cases where the periodicity is specified as a range (e.g. ‘4 ms to 8 ms’) or bounded to a certain maximum value (e.g. ‘< 12 ms’, already for Rel-16. One example is given below:
Table A.2.4.1-1: Service performance requirements for mobile control panels
	Use case #
	Characteristic parameter
	Influence quantity

	
	Communication service availability: target value in %
	Communication service reliability: mean time between failures
	End-to-end latency: maximum
	Service bitrate: user experienced data rate
	Message size [byte]
	Transfer interval: lower bound
	Transfer interval: target value
	Transfer interval: upper bound
	Survival time
	UE speed
	# of UEs
	Service area (note)

	1
(note 3)
	99,9999 to 99,999999
	~ 1 month
	< target transfer interval value
	–
	40 to 250
	– < 25 % of target transfer interval value
	4 ms to 8 ms
	+ 25 % of target transfer interval value
	target transfer interval value
	< 7,2 km/h
	TBD
	50 m x 10 m x 4 m



Observation 2: There are numerous use cases defined in TS 22.104 for Rel-16 which require periodicities of multiple of 2/7 symbols.
With respect to the second point, utilization of multiple CGs is not straightforward and often impossible. Specifically, seven separate CG configurations are required to handle a single data flow requiring 2*N periodicity (except for the cases where N is multiple of 7, which can be covered with existing periodicities), meaning that  at most one of such flows can be served in a BWP with the limitation of up to 12 CGs per BWP. Also, this does not seem to be a complexity/processing friendly solution for neither gNB nor UE considering all the configuration/activation that is required.
Observation 3: Covering periodicities of multiple of 2 symbols via multiple CG configurations requires seven separate CG configurations, which is highly inefficient in terms of processing and configuration complexity.
Lastly, on the SRS collision, this issue is not new and not specific to N*2/7 symbols periodicities. The same issue can occur already with 2 symbols periodicity supported in Rel-15. Since that was not a blocking point in the past, we do not believe it should be in this case neither. 
Observation 4: The collisions of SRS with CG occasions can already take place in Rel-15, e.g, for CG periodicity of 2 symbols. 
In light of the explanations above, we don’t see any obstacle for not introducing support for 2*N or 7*N symbol CG periodicity. This would significantly increase scheduling flexibility especially for deterministic/periodic traffic e.g. as specified by SA1 [TS 22.104, TR 22.832]. To allow for freedom of UE implementations, this may be introduced as a new UE capability, different from the one for N*slot periodicities. Thus, the following is proposed: 
Proposal 1: Support CG periodicities of multiple of 2/7 symbols as a separate UE capability. 
· PUSCHs that overlap with the slot boundary are handled according to RAN1 specifications (i.e. no RAN1 impact)

The related TP for TS 38.331 is provided in the Annex.
3	Summary
Based on the following observation:
Observation 1: RAN1 specifications allow a UE to transmit a PUSCH that overlaps with the slot boundary if it supports and it is configured with “PUSCH repetition Type B” as part of the CG configuration. Otherwise, it does not transmit those PUSCHs that overlap with the slot boundary. 
Observation 2: There are numerous use cases defined in TS 22.104 for Rel-16 which require periodicities of multiple of 2/7 symbols.
Observation 3: Covering periodicities of multiple of 2 symbols via multiple CG configurations requires seven separate CG configurations, which is highly inefficient in terms of processing and configuration complexity.
Observation 4: The collisions of SRS with CG occasions can already take place in Rel-15, e.g, for CG periodicity of 2 symbols. 

It is proposed: 
Proposal 1: Support CG periodicities of multiple of 2/7 symbols as a separate UE capability. 
· PUSCHs that overlap with the slot boundary are handled according to RAN1 specifications (i.e. no RAN1 impact)
The related TP for TS 38.331 is provided in the Annex.
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Annex – TP for 38.331
ConfiguredGrantConfig information element
-- ASN1START
-- TAG-CONFIGUREDGRANTCONFIG-START

ConfiguredGrantConfig ::=           SEQUENCE {
    frequencyHopping                    ENUMERATED {intraSlot, interSlot}                                       OPTIONAL,   -- Need S
    cg-DMRS-Configuration               DMRS-UplinkConfig,
    mcs-Table                           ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    mcs-TableTransformPrecoder          ENUMERATED {qam256, qam64LowSE}                                         OPTIONAL,   -- Need S
    uci-OnPUSCH                         SetupRelease { CG-UCI-OnPUSCH }                                         OPTIONAL,   -- Need M
    resourceAllocation                  ENUMERATED { resourceAllocationType0, resourceAllocationType1, dynamicSwitch },
    rbg-Size                            ENUMERATED {config2}                                                    OPTIONAL,   -- Need S
    powerControlLoopToUse               ENUMERATED {n0, n1},
    p0-PUSCH-Alpha                      P0-PUSCH-AlphaSetId,
    transformPrecoder                   ENUMERATED {enabled, disabled}                                          OPTIONAL,   -- Need S
    nrofHARQ-Processes                  INTEGER(1..16),
    repK                                ENUMERATED {n1, n2, n4, n8},
    repK-RV                             ENUMERATED {s1-0231, s2-0303, s3-0000}                                  OPTIONAL,   -- Need R
    periodicity                         ENUMERATED {
                                                sym2, sym7, sym1x14, sym2x14, sym4x14, sym5x14, sym8x14, sym10x14, sym16x14, sym20x14,
                                                sym32x14, sym40x14, sym64x14, sym80x14, sym128x14, sym160x14, sym256x14, sym320x14, sym512x14,
                                                sym640x14, sym1024x14, sym1280x14, sym2560x14, sym5120x14,
                                                sym6, sym1x12, sym2x12, sym4x12, sym5x12, sym8x12, sym10x12, sym16x12, sym20x12, sym32x12,
                                                sym40x12, sym64x12, sym80x12, sym128x12, sym160x12, sym256x12, sym320x12, sym512x12, sym640x12,
                                                sym1280x12, sym2560x12
    },
    configuredGrantTimer                    INTEGER (1..64)                                                     OPTIONAL,   -- Need R
    rrc-ConfiguredUplinkGrant               SEQUENCE {
        timeDomainOffset                        INTEGER (0..5119),
        timeDomainAllocation                    INTEGER  (0..15),
        frequencyDomainAllocation               BIT STRING (SIZE(18)),
        antennaPort                             INTEGER (0..31),
        dmrs-SeqInitialization                  INTEGER (0..1)                                                  OPTIONAL,   -- Need R
        precodingAndNumberOfLayers              INTEGER (0..63),
        srs-ResourceIndicator                   INTEGER (0..15)                                                 OPTIONAL,   -- Need R
        mcsAndTBS                               INTEGER (0..31),
        frequencyHoppingOffset                  INTEGER (1.. maxNrofPhysicalResourceBlocks-1)                   OPTIONAL,   -- Need R
        pathlossReferenceIndex                  INTEGER (0..maxNrofPUSCH-PathlossReferenceRSs-1),
        ...
		[[
		timeReferenceSFN-r16					ENUMERATED {sfn512}														OPTIONAL   -- Need R
		]]
    }                                                                                                           OPTIONAL,   -- Need R
    ...,
	[[
	configuredGrantConfigIndex-r16			ConfiguredGrantConfigIndex-r16											OPTIONAL,		-- Need M
	configuredGrantConfigIndexMAC-r16		ConfiguredGrantConfigIndexMAC-r16										OPTIONAL,		-- Need M
	harq-ProcID-Offset-r16					INTEGER (0..15)															OPTIONAL,		-- Need M
	periodicityExt-r16						SEQUENCE {
		periodicityMultiplier					INTEGER (1..5120),														
		periodicityUnit							ENUMERATED {sym2, sym6or7}											OPTIONAL, 		-- NEED S
	}																												OPTIONAL,		-- Need M
	startingFromRV0-r16						ENUMERATED {on, off}													OPTIONAL,		-- Need M
	phy-PriorityIndex-r16					ENUMERATED {p0, p1}														OPTIONAL,			-- Need M
	autonomousReTx-r16                      ENUMERATED {enabled}                             OPTIONAL			-- Cond LCH-BasedPrioritization
	]]
}

CG-UCI-OnPUSCH ::= CHOICE {
    dynamic                                 SEQUENCE (SIZE (1..4)) OF BetaOffsets,
    semiStatic                              BetaOffsets
}

-- TAG-CONFIGUREDGRANTCONFIG-STOP
-- ASN1STOP

	ConfiguredGrantConfig field descriptions

	antennaPort
Indicates the antenna port(s) to be used for this configuration, and the maximum bitwidth is 5. See TS 38.214 [19], clause 6.1.2, and TS 38.212 [17], clause 7.3.1.

	autonomousReTx
If this field is present, the Configured Grant configuration is configured with autonomous retransmission, see TS 38.321 [3].
Editor’s Note: The name autonomousReTx needs to be confirmed.

	cg-DMRS-Configuration
DMRS configuration (see TS 38.214 [19], clause 6.1.2.3).

	configuredGrantConfigIndex
Indicates the index of the Configured Grant configurations within the BWP.

	configuredGrantConfigIndexMAC
Indicates the index of the Configured Grant configurations within the MAC entity.

	configuredGrantTimer
Indicates the initial value of the configured grant timer (see TS 38.321 [3]) in multiples of periodicity. 

	dmrs-SeqInitialization
The network configures this field if transformPrecoder is disabled. Otherwise the field is absent.

	frequencyDomainAllocation
Indicates the frequency domain resource allocation, see TS 38.214 [19], clause 6.1.2, and TS 38.212 [17], clause 7.3.1).

	frequencyHopping
The value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, frequency hopping is not configured.

	frequencyHoppingOffset
Frequency hopping offset used when frequency hopping is enabled (see TS 38.214 [19], clause 6.1.2 and clause 6.3).

	harq-ProcID-Offset
Indicates the offset used in deriving the HARQ process IDs, see TS 38.321 [3], clause 5.4.1.

	mcs-Table
Indicates the MCS table the UE shall use for PUSCH without transform precoding. If the field is absent the UE applies the value qam64.

	mcs-TableTransformPrecoder
Indicates the MCS table the UE shall use for PUSCH with transform precoding. If the field is absent the UE applies the value qam64.

	mcsAndTBS
The modulation order, target code rate and TB size (see TS 38.214 [19], clause 6.1.2). The NW does not configure the values 28~31 in this version of the specification.

	nrofHARQ-Processes
The number of HARQ processes configured. It applies for both Type 1 and Type 2. See TS 38.321 [3], clause 5.4.1.

	p0-PUSCH-Alpha
Index of the P0-PUSCH-AlphaSet to be used for this configuration.

	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
30 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
60 kHz with normal CP	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
60 kHz with ECP:	2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
120 kHz:	2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}


	periodicityExt
This field is used to calculate the periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5,8.2). If this field is present, the field periodicity is ignored. 
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
15 kHz:	periodicityExtperiodicityMultiplier*14periodicityUnit, where periodicityExt has a value between 1 and 640.
30 kHz:	periodicityMultiplier*periodicityUnitperiodicityExt*14, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	periodicityMultiplier*periodicityUnitperiodicityExt*14, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	periodicityMultiplier*periodicityUnitperiodicityExt*12, where periodicityExt has a value between 1 and 2560.
120 kHz: 					periodicityMultiplier*periodicityUnitperiodicityExt*14, where periodicityExt has a value between 1 and 5120.

If periodicityUnit is set to sym2, in the formulas above, the periodicityUnit=2.
If periodicityUnit is set to sym6or7, in the formulas above, the periodicityUnit=6 for subcarrier spacing of 60 kHz with ECP or periodicityUnit=7 for all other subcarrier spacings.
If periodicityUnit field is absent, in the formulas above, the periodicityUnit=12 for subcarrier spacing of 60 kHz with ECP or periodicityUnit=14 for all other subcarrier spacings.

	powerControlLoopToUse
Closed control loop to apply (see TS 38.213 [13], clause 7.1.1).

	phy-PriorityIndex
Indicates the PHY priority of CG PUSCH at least for PHY-layer collision handling. Value p0 indicates low priority and value p1 indicates high priority.

	rbg-Size
Selection between configuration 1 and configuration 2 for RBG size for PUSCH. The UE does not apply this field if resourceAllocation is set to resourceAllocationType1. Otherwise, the UE applies the value config1 when the field is absent. Note: rbg-Size is used when the transformPrecoder parameter is disabled.

	repK-RV
The redundancy version (RV) sequence to use. See TS 38.214 [19], clause 6.1.2. The network configures this field if repetitions are used, i.e., if repK is set to n2, n4 or n8. Otherwise, the field is absent.

	repK
The number of repetitions of K.

	resourceAllocation
Configuration of resource allocation type 0 and resource allocation type 1. For Type 1 UL data transmission without grant, resourceAllocation should be resourceAllocationType0 or resourceAllocationType1.

	rrc-ConfiguredUplinkGrant
Configuration for "configured grant" transmission with fully RRC-configured UL grant (Type1). If this field is absent the UE uses UL grant configured by DCI addressed to CS-RNTI (Type2). Type 1 configured grant may be configured for UL or SUL, but not for both simultaneously.

	srs-ResourceIndicator
Indicates the SRS resource to be used. 

	startingFromRV0
This field is used to determine the initial transmission occasion of a transport block for a given RV sequence, see TS 38.214 [19], clause 6.1.2.3.1.

	timeDomainAllocation
Indicates a combination of start symbol and length and PUSCH mapping type, see TS 38.214 [19], clause 6.1.2 and TS 38.212 [17], clause 7.3.1.

	timeDomainOffset
Offset related to the reference SFN indicated by timeReferenceSFN, see TS 38.321 [3], clause 5.8.2. If the field timeReferenceSFN is not present, the reference SFN is 0.

	timeReferenceSFN
Indicates SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration, see TS 38.321 [3], clause 5.8.2. 

	transformPrecoder
Enables or disables transform precoding for type1 and type2. If the field is absent, the UE enables or disables transform precoding in accordance with the field msg3-transformPrecoder in RACH-ConfigCommon, see TS 38.214 [19], clause 6.1.3.

	uci-OnPUSCH
Selection between and configuration of dynamic and semi-static beta-offset. For Type 1 UL data transmission without grant, uci-OnPUSCH should be set to semiStatic.



	Conditional Presence
	Explanation

	LCH-BasedPrioritization
	This fiels is optionally present, Need R, if lch-BasedPrioritization is configured in the MAC entity. It is absent otherwise.



