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Introduction
[bookmark: _Toc524946176]In the last meeting RAN2#107, the following has been agreed on LCP restriction enhancement:
	Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 



We further discuss the necessary enhancements on the LCP restriction, in particular the FFS on dynamic grant. Such enhancements are essential for intra-UE prioritization including multiple grants handling [1] and SR over PUSCH handling [2].  

Discussion
Motivation for enhancement 
One aspect of industrial automation is the intra-UE mixed traffic impact on scheduling and multiplexing. We have both periodical and a-periodical flows, and both require reliable and low latency UL grants. This is in contrast to non-critical traffic which has looser latency and reliability requirements and can typically be served via high spectral efficiency grants (i.e., with low reliability and long PUSCH duration). 
For example, in a typical case, it is expected that the network might allocate short periodicity configured grant to mitigate latency that would otherwise occur because of critical traffic waiting for scheduled resources. Meanwhile, the network will also strive to increase the system spectral efficiency by allocating non-robust (spectrally efficient) dynamic grants. Hence, allocation of grants (overlapping or non-overlapping) with different objectives might lead to several issues regarding traffic scheduling that should be addressed.

In Rel-15 MAC, LCP restrictions have been introduced, but the reliability aspects are not considered. 
Considering the exemplary scenario where a (short, yet unreliable) dynamic grant (noted by 10KB) fits between two occasions of CG (noted by 1KB).  Network has allocated Configured Grants (CG) with very short periodicity to serve critical traffic (TSN). When network realizes the arrival of MBB data through BSR or other means, it sends a dynamic grant (DG) that fits between configured grant occasions (but does not overlap with CG). 
If both critical TSN and MBB data are available at the time of the dynamic grant then, based on latency concerns for the TSN traffic, LCP could decide to multiplex TSN traffic into this dynamic grant. The current LCP restriction is only for the maximum PUSCH duration and thus not applicable in a scenario where the CG and DG grants of same duration are assumed. Therefore, multiplexing both TSN and MBB in the dynamic (high spectrally efficient, unreliable) grant might result in decoding error of the critical data, hence retransmission of the critical data could be needed, which results in increasing its delivery latency.
[image: ]
Figure 1. Problem of critical LCH sent on non-robust grant (non-overlapping).
[bookmark: _Toc528850410][bookmark: _Toc528850426][bookmark: _Toc528853692][bookmark: _Toc4161082][bookmark: _Toc4161099][bookmark: _Toc4161108][bookmark: _Toc4161751][bookmark: _Toc4421626][bookmark: _Toc4658467][bookmark: _Toc4685186][bookmark: _Toc4685201][bookmark: _Toc4685204][bookmark: _Toc4685414][bookmark: _Toc4685998][bookmark: _Toc4686559][bookmark: _Toc7451554][bookmark: _Toc7451939][bookmark: _Toc7452683][bookmark: _Toc7452698][bookmark: _Toc7452710][bookmark: _Toc7452821][bookmark: _Toc7452852][bookmark: _Toc7452864][bookmark: _Toc7718854][bookmark: _Toc15993807][bookmark: _Toc15993852][bookmark: _Toc15994461][bookmark: _Toc16073204][bookmark: _Toc16528771][bookmark: _Toc16608039][bookmark: _Toc16608054][bookmark: _Toc16608096][bookmark: _Toc16692388][bookmark: _Toc16692451][bookmark: _Toc20135419][bookmark: _Toc20137382][bookmark: _Toc20137536][bookmark: _Toc20732431][bookmark: _Toc20732652][bookmark: _Toc20840407][bookmark: _Toc20929764][bookmark: _Toc20930102][bookmark: _Toc21020031]Rel-15 MAC LCP restriction has not considered the reliability aspects of the grant.

In order to realize the above LCP functionality, it is essential to introduce an indication of a grant’s reliability to ensure its suitability to serve the reliability requirements of any given LCH. Restrictions on suitability can be defined per grant wherein an indication is provided to identify which LCHs are allowed for transmission using that grant. Given such indicator is available at MAC, the Assembly and Multiplexing Entity can restrict the LCHs’ data from being sent over the grant that is not suitable for this LCH.  We believe such an indication has a clean design, has less specification impact than other patches through existing signalling, and is future proof for other use cases.  In its simplest form, the grant priority indication is carried in DCI for dynamic grants and configurable in RRC for configured grant. Once this is known, MAC can consider the suitability of the grant for serving one or more LCHs within LCH restriction framework.
[bookmark: _Toc4161083][bookmark: _Toc4161100][bookmark: _Toc4161109][bookmark: _Toc4161752][bookmark: _Toc4421627][bookmark: _Toc4658468][bookmark: _Toc4685187][bookmark: _Toc4685202][bookmark: _Toc4685205][bookmark: _Toc4685415][bookmark: _Toc4685999][bookmark: _Toc4686560][bookmark: _Toc7451555][bookmark: _Toc7451941][bookmark: _Toc7452685][bookmark: _Toc7452700][bookmark: _Toc7452712][bookmark: _Toc7452822][bookmark: _Toc7452853][bookmark: _Toc7452865][bookmark: _Toc7718855][bookmark: _Toc15993808][bookmark: _Toc15993853][bookmark: _Toc15994462][bookmark: _Toc16073205][bookmark: _Toc16528772][bookmark: _Toc16608040][bookmark: _Toc16608055][bookmark: _Toc16608097][bookmark: _Toc16692389][bookmark: _Toc16692452][bookmark: _Toc20135420][bookmark: _Toc20137383][bookmark: _Toc20137537][bookmark: _Toc20732432][bookmark: _Toc20732653][bookmark: _Toc20840408][bookmark: _Toc20929765][bookmark: _Toc20930103][bookmark: _Toc21020032][bookmark: _Toc15993809][bookmark: _Toc4161085][bookmark: _Toc4161101]Grant priority indication is beneficial for MAC to know which LCH to multiplex on this grant.

Grant priority indication is also beneficial for PHY to have proper physical layer handling considering the priority between different channels [5][6]. One example is that the multiplexing of the HARQ ACK/NACK with the UL PUSCH. The rule to handle the multiplexing depends on whether the PUSCH is for high priority LCH or low priority LCH. In papers [3][4] the details of such prioritization concept between PUSCH and UCI when multiplexing is presented.
[bookmark: _Toc20137384][bookmark: _Toc20137538][bookmark: _Toc20732433][bookmark: _Toc20732654][bookmark: _Toc20840409][bookmark: _Toc20929766][bookmark: _Toc20930104][bookmark: _Toc21020033]Grant priority indication is beneficial for physical layer handling related with different priorities. 

Further discussion on enhancement 
Aligned with the above discussion, RAN2 has made the following agreements in RAN2#107 ‎[7]. These agreements pave the way for a grant priority indication (for both dynamic and configured grant) to indicate which LCH(s) can be multiplexed on the grant. 
	[bookmark: _Hlk20137202]Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 


[bookmark: _Toc16156902][bookmark: _Toc16156933][bookmark: _Toc16156966]
We need to further discuss how to implement the grant priority indication and the associated LCP restriction enhancements for both CG and DG. 
The restrictive mapping between LCH and certain CG configurations can be conveyed via RRC. The reason for choosing RRC, is to give a larger degree of freedom for linking more priority levels of LCHs to CG configurations compared to indicating limited number of levels of grant priority (e.g., two levels in case of one bit) in DCI to avoid DCI overhead. An implementation example of such mapping would be to introduce a parameter in the LogicalChannelConfig IE, such as ‘allowedCG-List’, and add the corresponding LCP restriction in MAC. It follows that MAC LCP will use such parameter to restrict the LCH on the CG configurations that are indicated in the RRC field.
Another minor issue is that this should be applied for both type 1 and type 2.
[bookmark: _Toc16608044][bookmark: _Toc16608059][bookmark: _Toc16608101][bookmark: _Toc16692386][bookmark: _Toc16692443][bookmark: _Toc16692456][bookmark: _Toc20135425][bookmark: _Toc20137387][bookmark: _Toc20137541][bookmark: _Toc20140320][bookmark: _Toc20732657][bookmark: _Toc20840412][bookmark: _Toc20930105][bookmark: _Toc16528777][bookmark: _Toc16156903][bookmark: _Toc16156934][bookmark: _Toc16156967][bookmark: _Toc21020034]Restrictive mapping between an LCH and certain CG configurations is RRC-configurable and applies for both type-1 and type-2. 

[bookmark: _Toc16156904][bookmark: _Toc16156935][bookmark: _Toc16156968]For dynamic grant to consider reliability, it has been discussed during Rel-15 to use MCS value or MCS C-RNTI as an indication for whether the grant is intended for high-priority traffic or low-priority traffic. However, the use of low MCS index or MCS C-RNTI can also be a result from a low channel quality, in other words, MCS index or table do not necessarily define the reliability of a grant. Therefore, for dynamic grants, such a grant priority indication has to be carried in DCI, as we discuss in ‎[3]. 
This is pending RAN1 discussion, and if there is one bit for such an indication, RRC can configure which LCHs are associated with the high priority grant indication while which LCHs are associated with the low priority grant indication. For instance, this can be implemented by introducing a parameter in the LogicalChannelConfig IE such as ‘allowedGrantPriority’, and adding the corresponding restriction in MAC LCP restrictions. This parameter will be used in the MAC LCP restriction procedure to allow specific LCHs to be mapped on the high priority grant, and the other LCHs to be mapped on low priority grant. Hence, with such method, gNB can guarantee that QoS for specific LCHs on specific grants will be met. 
Following up with this DCI-based grant priority indication, we know that RAN1 uses similar DCI format to activate CG Type-2. In order to preserve consistency between DCIs, we recommend having a DCI-based grant priority indicator for CG Type-2 configuration. This process will make the construction of DCI faster (i.e., less complexity) at the gNB side. MAC layer will use similar LCP restriction method on top of the restriction used for the LCH-to-CG configuration mapping. Since, CG Type-2 has such grant priority indication, we also recommend the same indication for CG Type-1 but conveyed using RRC signal.
[bookmark: _Toc16156905][bookmark: _Toc16156936][bookmark: _Toc16156969][bookmark: _Toc16528778][bookmark: _Toc16608045][bookmark: _Toc16608060][bookmark: _Toc16608102][bookmark: _Toc16692387][bookmark: _Toc16692444][bookmark: _Toc16692457][bookmark: _Toc20135426][bookmark: _Toc20137388][bookmark: _Toc20137542][bookmark: _Toc20140321][bookmark: _Toc20732658][bookmark: _Toc20840413][bookmark: _Toc20930106][bookmark: _Toc21020035]Grant priority indication for dynamic grant and configured grant Type-2 are in DCI and further details are discussed in RAN1. Grant priority indication for configured grant Type-1 is by RRC.

Based on the above discussions and agreement we propose the following:
[bookmark: _Toc20140323][bookmark: _Toc20732659][bookmark: _Toc20840414][bookmark: _Toc20930107][bookmark: _Toc20135428][bookmark: _Toc20137390][bookmark: _Toc20137544][bookmark: _Toc21020036]Adopt text change (TP) to the TS 38.321 and TS 38.331 in the annex as the baseline for running CR. 

Conclusion
The following observations have been made:
Observation 1	Rel-15 MAC LCP restriction has not considered the reliability aspects of the grant.
Observation 2	Grant priority indication is beneficial for MAC to know which LCH to multiplex on this grant.
Observation 3	Grant priority indication is beneficial for physical layer handling related with different priorities.

[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
[bookmark: _GoBack]Proposal 1	Restrictive mapping between an LCH and certain CG configurations is RRC-configurable and applies for both type-1 and type-2.
Proposal 2	Grant priority indication for dynamic grant and configured grant Type-2 are in DCI and further details are discussed in RAN1. Grant priority indication for configured grant Type-1 is by RRC.
Proposal 3	Adopt text change (TP) to the TS 38.321 and TS 38.331 in the annex as the baseline for running CR.
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Annex
[bookmark: _Toc510393391][bookmark: _Toc500942635][bookmark: _Toc509405757][bookmark: _Hlk504049857][bookmark: _Hlk504055217][bookmark: _Toc500942638][bookmark: _Hlk492964276][bookmark: _Toc493510571][bookmark: _Toc500942656][bookmark: _Toc491180871][bookmark: _Toc491180878][bookmark: _Toc493510580][bookmark: _Toc500942686][bookmark: _Toc470095101]START OF CHANGES

NEXT CHANGE on TS 38.321
[bookmark: _Toc534933445]5.4.3.1.1	General
The Logical Channel Prioritization (LCP) procedure is applied whenever a new transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-	priority where an increasing priority value indicates a lower priority level;
-	prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
-	bucketSizeDuration which sets the Bucket Size Duration (BSD).
[bookmark: _Hlk3073643]RRC additionally controls the LCP procedure by configuring mapping restrictions for each logical channel:
-	allowedSCS-List which sets the allowed Subcarrier Spacing(s) for transmission;
-	maxPUSCH-Duration which sets the maximum PUSCH duration allowed for transmission;
-	configuredGrantType1Allowed which sets whether a configured grant Type 1 can be used for transmission;
-	allowedServingCells which sets the allowed cell(s) for transmission.;
-	allowedGrantPriority which sets the grant’s priority allowed for transmission;
-	allowedCG-List which sets the configured grant indexes allowed for transmission.
The following UE variable is used for the Logical channel prioritization procedure:
-	Bj which is maintained for each logical channel j.
The MAC entity shall initialize Bj of the logical channel to zero when the logical channel is established.
For each logical channel j, the MAC entity shall:
1>	increment Bj by the product PBR × T before every instance of the LCP procedure, where T is the time elapsed since Bj was last incremented;
1>	if the value of Bj is greater than the bucket size (i.e. PBR × BSD):
2>	set Bj to the bucket size.
NOTE:	The exact moment(s) when the UE updates Bj between LCP procedures is up to UE implementation, as long as Bj is up to date at the time when a grant is processed by LCP.
NEXT CHANGE on TS 38.321
[bookmark: _Toc12751556]5.4.3.1.2	Selection of logical channels
The MAC entity shall, when a new transmission is performed:
1>	select the logical channels for each UL grant that satisfy all the following conditions:
2>	the set of allowed Subcarrier Spacing index values in allowedSCS-List, if configured, includes the Subcarrier Spacing index associated to the UL grant; and
2>	maxPUSCH-Duration, if configured, is larger than or equal to the PUSCH transmission duration associated to the UL grant; and
2>	configuredGrantType1Allowed, if configured, is set to true in case the UL grant is a Configured Grant Type 1; and
2>	allowedServingCells, if configured, includes the Cell information associated to the UL grant. Does not apply to logical channels associated with a DRB configured with PDCP duplication within the same MAC entity (i.e. CA duplication) for which PDCP duplication is deactivated; and.
2> allowedGrantPriority, if configured, is equal to the PUSCH priority associated to the UL grant; and
2> allowedCG-List, if configured, includes the configured grant index associated to the UL grant in case the UL grant is a Configured Grant.
NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, PUSCH priority and Cell information are included in Uplink transmission information received from lower layers or high layers (for configured grant type 1 only) for the corresponding scheduled uplink transmission.
NEXT CHANGE on TS 38.331
[bookmark: _Toc12718222][bookmark: _Toc12718289]6.3.2	Radio resource control information elements
–	LogicalChannelConfig
The IE LogicalChannelConfig is used to configure the logical channel parameters.
LogicalChannelConfig information element
-- ASN1START
-- TAG-LOGICALCHANNELCONFIG-START

LogicalChannelConfig ::=            SEQUENCE {
    ul-SpecificParameters               SEQUENCE {
        priority                            INTEGER (1..16),
        prioritisedBitRate                  ENUMERATED {kBps0, kBps8, kBps16, kBps32, kBps64, kBps128, kBps256, kBps512,
                                            kBps1024, kBps2048, kBps4096, kBps8192, kBps16384, kBps32768, kBps65536, infinity},
        bucketSizeDuration                  ENUMERATED {ms5, ms10, ms20, ms50, ms100, ms150, ms300, ms500, ms1000,
                                                            spare7, spare6, spare5, spare4, spare3,spare2, spare1},
        allowedServingCells                 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex
                                                                                                    OPTIONAL,   -- PDCP-CADuplication
        allowedSCS-List                     SEQUENCE (SIZE (1..maxSCSs)) OF SubcarrierSpacing       OPTIONAL,   -- Need R
        maxPUSCH-Duration                   ENUMERATED {ms0p02, ms0p04, ms0p0625, ms0p125, ms0p25, ms0p5, spare2, spare1}
                                                                                                    OPTIONAL,   -- Need R
        configuredGrantType1Allowed         ENUMERATED {true}                                       OPTIONAL,   -- Need R
        logicalChannelGroup                 INTEGER (0..maxLCG-ID)                                  OPTIONAL,   -- Need R
        schedulingRequestID                 SchedulingRequestId                                     OPTIONAL,   -- Need R
        logicalChannelSR-Mask               BOOLEAN,
        logicalChannelSR-DelayTimerApplied  BOOLEAN,
        ...,
        bitRateQueryProhibitTimer       ENUMERATED { s0, s0dot4, s0dot8, s1dot6, s3, s6, s12,s30}   OPTIONAL,    -- Need R
        allowedGrantPriority            ENUMERATED {high, low}     OPTIONAL,  -- Need R
        allowedCG-List                  SEQUENCE (SIZE (1..maxNrofConfiguredGrant-r16)) OF ConfiguredGrantIndex-r16      OPTIONAL   -- Need R
    }                                                                                               OPTIONAL,   -- Cond UL
    ...
}

-- TAG-LOGICALCHANNELCONFIG-STOP
-- ASN1STOP

	LogicalChannelConfig field descriptions

	allowedCG-List
If present, UL MAC SDUs from this logical channel can only be mapped to the indicated configured grant indexes. Otherwise, UL MAC SDUs from this logical channel can be mapped to any configured grant index. Corresponds to “allowedCG-List” as specified in TS 38.321 [3].

	allowedGrantPriority
If present, UL MAC SDUs from this logical channel can only be mapped to the UL dynamic grant with the indicated priority. Otherwise, UL MAC SDUs from this logical channel can be mapped to UL dynamic grant with any indicated priority. The values of this parameter are either high or low, obtained via lower layers. Corresponds to “allowedGrantPriority” as specified in TS 38.321 [3].

	allowedSCS-List
If present, UL MAC SDUs from this logical channel can only be mapped to the indicated numerology. Otherwise, UL MAC SDUs from this logical channel can be mapped to any configured numerology. Only the values 15/30/60 kHz (for FR1) and 60/120 kHz (for FR2) are applicable. Corresponds to 'allowedSCS-List' as specified in TS 38.321 [3].

	allowedServingCells
If present, UL MAC SDUs from this logical channel can only be mapped to the serving cells indicated in this list. Otherwise, UL MAC SDUs from this logical channel can be mapped to any configured serving cell of this cell group. Corresponds to 'allowedServingCells' in TS 38.321 [3].

	bitRateQueryProhibitTimer
The timer is used for bit rate recommendation query in TS 38.321 [3], in seconds. Value s0 means 0 s, s0dot4 means 0.4 s and so on.

	bucketSizeDuration
Value in ms. ms5 corresponds to 5 ms, value ms10 corresponds to 10 ms, and so on.

	configuredGrantType1Allowed
If present, UL MAC SDUs from this logical channel can be transmitted on a configured grant type 1. Corresponds to 'configuredGrantType1Allowed' in TS 38.321 [3].

	logicalChannelGroup
ID of the logical channel group, as specified in TS 38.321 [3], which the logical channel belongs to.

	logicalChannelSR-Mask
Controls SR triggering when a configured uplink grant of type1 or type2 is configured. true indicates that SR masking is configured for this logical channel as specified in TS 38.321 [3].

	logicalChannelSR-DelayTimerApplied
Indicates whether to apply the delay timer for SR transmission for this logical channel. Set to false if logicalChannelSR-DelayTimer is not included in BSR-Config.

	maxPUSCH-Duration
If present, UL MAC SDUs from this logical channel can only be transmitted using uplink grants that result in a PUSCH duration shorter than or equal to the duration indicated by this field. Otherwise, UL MAC SDUs from this logical channel can be transmitted using an uplink grant resulting in any PUSCH duration. Corresponds to "maxPUSCH-Duration" in TS 38.321 [3].

	priority
Logical channel priority, as specified in TS 38.321 [3].

	prioritisedBitRate
Value in kiloBytes/s. Value kBps0 corresponds to 0 kiloBytes/s, value kBps8 corresponds to 8 kiloBytes/s, value kBps16 corresponds to 16 kiloBytes/s, and so on. For SRBs, the value can only be set to infinity.

	schedulingRequestId
If present, it indicates the scheduling request configuration applicable for this logical channel, as specified in TS 38.321 [3].



	Conditional Presence
	Explanation

	PDCP-CADuplication
	The field is mandatory present if the DRB/SRB associated with this logical channel is configured with PDCP CA duplication in UL (i.e. the PDCP entity is associated with multiple RLC entities belonging to the same cell group). Otherwise the field is optionally present, need R.

	UL
	The field is mandatory present for a logical channel with uplink if it serves DRB. It is optionally present, Need R, for a logical channel with uplink if it serves an SRB. Otherwise it is absent.


END OF CHANGES
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