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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]LCH to cell restriction has been discussed in Rel-15 and TEI-16. It was postponed in TEI-16 (RAN2#107) and many companies wanted to wait for conclusions of IIOT discussions, for which the last agreements are from RAN2#107:
	The network provides in RRC only one LCH cell restriction configuration per LCH, like in Rel-15. Changes to LCH cell restriction configuration is only possible via RRC.
At PDCP duplication, application of the configured cell restrictions are not dynamically changed upon activation or deactivation of PDCP duplication beyond Rel-15. (FFS the case of CA duplication)


In this contribution, we discuss above leftover FFS considering the progress in Rel-15/TEI-16 and the motivation in IIoT. In addition, the above agreements do not make 100% clear what the UE behavior should be regarding LCH-to-cell restriction when a single RLC entity is deactivated while the DRB duplication is still active. Therefore, to be exhaustive, we address both issues:
· LCH-to-cell restriction upon CA duplication deactivation
· LCH-to-cell restriction upon RLC entity deactivation
Discussion
LCH-to-cell restriction upon CA duplication deactivation
In Rel-15, LCH-to-cell restriction can apply on the LCH in the following cases (RAN2#103/ RAN2#103bis):
1) Non-duplicated bearer (including when CA duplication is not configured);
2) NR leg of EN-DC split bearer;
3) DC duplication, irrespective of whether the duplication is activated or not;
4) CA duplication activated state.
The only left use case is CA duplication deactivated state.
Summary of Rel-15:  LCH-to-cell restriction is not used for CA duplication deactivated state only.
In Rel-16, this issue was discussed in TEI16, [1] suggest some enhancements for CA duplication deactivated state. Although there is support for a change, many companies prefer to wait for IIoT discussion. (RAN2#107: “Chair: it seems there is support for a change, but many companies want to wait for conclusions of IIOT discussions.”)
It should be noted that Rel-16 also introduced DC+CA duplication, however, from RAN2#108, when duplication is deactivated for such configuration, it falls back to DC split bearer, hence the LCH-to-cell restriction still applies to the remaining two RLC entities, as in legacy.
Summary of TEI-16: Discussion on LCH-to-cell restriction for CA duplication deactivated state is postponed and waits for IIoT.
Review the justification of IIoT: “The achievable latency and reliability performance of NR are keys to support use cases with tighter requirements. In order to extend the NR applicability in various verticals, the SI of NR IIoT has concluded that certain enhancements of RAN features in different layers should be specified for Rel-16.”[2]
At least in IIoT, vertical differentiation is attractive and differential service for different bearers is necessary. In [1], it was argued that non-duplicate data could be transmitted in a cell which is inappropriate for the DRB, such as eMBB cell transmitting URLLC data after CA duplication is deactivated with Rel-15 operation. Since LCH-to-cell restriction even can be used for the non-duplicated bearer in CA case, it should be adopted when CA duplication is deactivated especially in IIoT deployment.
[bookmark: _Ref30612739]Proposal 1: LCH-to-cell restriction for CA duplication deactivated state should be adopted in Rel-16.
There are three options for the LCH-to-cell restriction when CA duplication is deactivated.
Option 1: following Rel-15, i.e., no LCH-to-cell restriction for CA duplication deactivated.[3]
Option 2: the combination of the cells mapped to all RLC entities (primary + secondary) associated to the same DRB  are implicitly associated to the primary RLC entity when duplication is deactivated and can be used to transmit the non-duplicate data [4].
Option 3: gNB can configure the primary path with the LCH-to-cell restriction to be applied when duplication is deactivated.
Option 1 is simplest because nothing needs to be done. But it is not suitable to IIoT deployment as we discussed for proposal 1.
Comparing option 2 and option 3:
· In option 2, if such behavior would be configurable, a new parameter to enable/disable the LCH-to-cell restriction for CA duplication deactivated state should be introduced in RRC specification, and some description about cells combination needs to be captured in MAC specification. All cells associated to the RLC entities of the DRB can be used for non-duplicate data transmission when CA duplication is deactivated. The gNB has no flexibility to allocate part of them for non-duplication transmission.
· In option 3, a parameter such as allowedServingCellsCADuplicationDeactivated could be configured for the primary path. Then after CA duplication is deactivated, the primary path can use the cells configured in the new parameter (if configured) to transmit the non-duplicate data. MAC specification should state in the LCP section that UE should use this parameter (if configured) to judge available cells for the LCH. The gNB can configure any cells which can be used in CA duplication deactivated state by the primary path.
Option 3 assumes there could be two LCH-to-cell restriction configurations for the primary path, which is not aligned with above earlier agreement. However this issue has been discussed for several meetings without conclusion and Option 3 is the most direct and easy way to solve it. . We don’t like reverting agreements but in this case we think it allows for an acceptable way forward. So the option 3 is preferred.
For better compression, TP based on the running 38.331 CR is shown in Annex (yellow highlighted part).
[bookmark: _Ref30612743]Proposal 2: For CA-only duplication, the gNB can optionally explicitly configure the primary path with the LCH-to-Cell restriction to be applied when duplication is deactivated.
LCH-to-cell restriction upon RLC entity deactivation
Now, in Rel-16, another issue is the UE behaviour when one specific RLC entity of a DRB configured with CA-only or DC+CA duplication is deactivated by the new Rel-16 MAC CE, but the duplication is still active for that DRB (via other active RLC entities). Then there are two questions:
1) In case RAN2 selects not to discard the PDUs for the deactivated RLC entity (open issue#2 of [6]), should LCH-to-cell restrictions still apply for the de-activated RLC entity for sending the leftover RLC SDUs in the RLC buffer?
2) Should the CCs associated with the deactivated RLC entity be made available to the other activated RLC entities?
Examples of RLC entities configuration for CA duplication and DC+CA duplication are shown in Figure 1, where duplication MAC CE can activate part or all RLC entities among the configured RLC entities.
Regarding question 1), in both below cases, even if the remaining PDUs are not discarded, we do not see any reason for releasing the LCH-to-cell restriction for the de-activated RLC entity. Indeed, the pending duplicated RLC SDUs from this DRB will either be eventually transmitted through the restricted SCell(s) or be discarded due to successful delivery via another RLC entity.
And regarding question 2), since this RLC entity was deactivated, it means that either its associated CC(s) was(were) not performing that well or that, given the overall performance of the DRB duplication, this amount of duplication was no longer necessary. As a result, re-allocating the deactivated CCs to other RLC entities, while duplication is active, seems not necessary. 


Figure 1 Examples of RLC entities configuration for CA duplication and DC+CA duplication
[bookmark: _Ref30612746]Proposal 3: Confirm UE should follow the LCH-to-cell restriction configured by RRC per LCH when CA duplication is activated no matter which RLC entities are activated.
3. Conclusion
This contribution discusses LCH-to-cell restriction in Rel-16 and provides below proposals.
Proposal 1: LCH-to-cell restriction for CA duplication deactivated state should be adopted in Rel-16.
Proposal 2: For CA-only duplication, the gNB can optionally explicitly configure the primary path with the LCH-to-Cell restriction to be applied when duplication is deactivated.
Proposal 3: Confirm UE should follow the LCH-to-cell restriction configured by RRC per LCH when CA duplication is activated no matter which RLC entities are activated.
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6. Annex: TP based on the running CR of 38.331[5]
[bookmark: _Toc20425997]–	LogicalChannelConfig
The IE LogicalChannelConfig is used to configure the logical channel parameters.
LogicalChannelConfig information element
-- ASN1START
-- TAG-LOGICALCHANNELCONFIG-START

[bookmark: _Hlk23965091]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
        [[
[bookmark: _Hlk23965000]        allowedCG-List-r16           SEQUENCE (SIZE (0.. maxNrofConfiguredGrantConfigMAC-1)) OF ConfiguredGrantConfigIndexMAC
                                                                                                      OPTIONAL,   -- Need R
        allowedPriorityLevels-r16    ENUMERATED {level0, level1}                                  OPTIONAL    -- Need R
allowedServingCellsCADuplicationDeactivated-r16 SEQUENCE (SIZE (1..maxNrofServingCells-1)) OF ServCellIndex
                                                                                                    OPTIONAL,   -- PDCP-CADuplication

        ]]
    }                                                                                               OPTIONAL,   -- Cond UL
    ...
}

-- TAG-LOGICALCHANNELCONFIG-STOP
-- ASN1STOP

	LogicalChannelConfig field descriptions

	allowedCG-List
This restriction applies only when the UL grant is a configured grant. If present, UL MAC SDUs from this logical channel can only be mapped to the indicated configued grant configuration. If the size of the sequence is zero, then UL MAC SDUs from this logical channel cannot be mapped to any configured grant configurations. If the field is not present, UL MAC SDUs from this logical channel can be mapped to any configured grant configurations. Corresponds to “allowedCG-List” as specified in TS 38.321 [3].
Editor’s note: In this implementation, it is assumed that the LCH configured with allowedCG-List is allowed to be mapped to dynamic grant. This requires a confirmation from RAN2.
Editor’s note: FFS the maximum length of the allowedList, i.e., the maximum number of configured grant configurations per MAC entity.

	allowedPriorityLevels
This restriction applies for the dynamic grant with PHY-priority indication. If present, UL MAC SDUs from this logical channel can only be mapped to the dynamic grants indicating priority index equal to the values configured by this field.
 Editor’s note: In this implementation, it is assumed that the LCH configured with allowedPriorityLevels is allowed to be mapped to dynamic grant without any priority indication. FFS: The mapping restriction between a LCH configured with allowedPrioirtyLevels and a grant without any priority indication.
Editor’s note: FFS whether allowedPriorityLevel applies for configured grant.
Editor’s note: FFS what exact name, e.g., Priority Level or Priority Index, to use as the field name. 

	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].

	allowedServingCellsCADuplicationDeactivated
If present, UL MAC SDUs from this logical channel can only be mapped to the serving cells indicated in this list when CA duplication is deactivated. Corresponds to 'allowedServingCells' in TS 38.321 [3]. It should be configured for primary RLC entity only

	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.
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