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Introduction
[bookmark: _Toc524946176]In the previous RAN2 meetings, 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.

· A single LCH can be map to multiple CG configurations.
· Multiple LCHs can be map to a single CG configuration. 
· R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.
· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 



In addition, RAN1 has reached the following agreements in the last meeting,

	Agreements:
· 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.
· 2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
· Activation DCI complementing or overwriting the RRC configured priority of Type2 CG PUSCH is not supported in Rel-16
Working assumption:
· When a single PDSCH/PUSCH processing timeline is configured in the carrier, at least when only DCI format 0_1/1_1 is configured or only DCI format 0_2/1_2 is configured in USS per BWP, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. 
· 1-bit field in DCI can be configured as the PHY identification of the priority



In this paper, we further discuss the necessary enhancements on the LCP restriction and address FFS in the running RRC and MAC CR. 

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).
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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.
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Grant priority indication is also beneficial for PHY to have proper physical layer handling considering the priority between different channels [3][4]. 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 [1][2] 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: _Toc23596786][bookmark: _Toc23924311][bookmark: _Toc24008603][bookmark: _Toc24030077][bookmark: _Toc24030146][bookmark: _Toc24034359][bookmark: _Toc24034397][bookmark: _Toc32246215][bookmark: _Toc32247020][bookmark: _Toc32247029][bookmark: _Toc32247135][bookmark: _Toc32247175][bookmark: _Toc32247187][bookmark: _Toc32513054][bookmark: _Toc32513057][bookmark: _Toc32513121]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 and RAN2#107bis [5]. 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. 
	· 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. 
· A single LCH can be map to multiple CG configurations.
· Multiple LCHs can be map to a single CG configuration.
· R2 think it would be useful to introduce a new LCP restriction in the following way: The DCI that is scheduling PUSCH may include a specific indication. LCH configuration in RRC contains information on whether the LCH can utilize grant with this indication or not. R2 intends that this mechanism can be used to differentiate grants for traffic that requires high reliability.



[bookmark: _Toc16156902][bookmark: _Toc16156933][bookmark: _Toc16156966][bookmark: _Toc23596788][bookmark: _Toc23596789]It is clear from previous agreements and discussion that the allowedCG-List-r16 is a sequence of configured grants that links LCHs to multiple CGs and vice versa. Given that the logical channel ID is labeled uniquely in one MAC entity, it is essential to consider a MAC-entity-wise unique index mapping from each LCH to all possible CG configurations. Hence, the running RRC CR [6], introduces the LCH parameter to link between LCHs and a unique configuredGrant Index per MAC entity, as below:
allowedCG-List-r16				SEQUENCE (SIZE (0.. maxNrofConfiguredGrantConfigMAC-r16-1)) OF ConfiguredGrantConfigIndexMAC-r16

One simple and straightforward solution is to linearly and uniquely link such index to all serving cell IDs and BWP IDs, as below
-- ASN1START
-- TAG-CONFIGUREDGRANTCONFIGINDEXMAC-START

ConfiguredGrantConfigIndexMAC-r16 ::= INTEGER (0.. maxNrofConfiguredGrantConfigMAC-r16-1)

-- TAG-CONFIGUREDGRANTCONFIGINDEXMAC-STOP
-- ASN1STOP

In all the previous discussions, the LCP restriction to consider reliability with priority indication is only discussed under the context for dynamic grant. As mentioned in RAN2 agreement:
	· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 
RRC Running CR Editor’s Note:
· Editor’s note: FFS whether allowedPHY-PriorityIndex applies for configured grant.



However, in previous RAN1 meetings, RAN1 has made the following agreement concerning CG indication:
	· 2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.
· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats
· Activation DCI complementing or overwriting the RRC configured priority of Type2 CG PUSCH is not supported in Rel-16


[bookmark: _Toc24008610][bookmark: _Toc24030084][bookmark: _Toc24030119]It is clear from the RAN1 agreement that there is a priority indication for each LCH configured to use a CG (determined by RRC not DCI). As discussed in section 2.1, the lack of the reliability aspects and the need or priority indication apply for both configured grant and dynamic grant. This is aligned with the RRC Running CR:
phy-PriorityIndex-r16					ENUMERATED {p0, p1}														OPTIONAL			-- Need M

[bookmark: _Toc24008611][bookmark: _Toc24030085][bookmark: _Toc24030120][bookmark: _Toc24008612][bookmark: _Toc24030086][bookmark: _Toc24030121]One might argue that the reliability aspects of a LCH configured to use a configured grant can be addressed by the restrictive mapping between CG and LCH, but this restrictive mapping between CG and LCH can also be used by the network to steer the traffic to the intended CG configuration (note that the traffic arrival at gNB might have jitter). Therefore, we propose to extend the functionality of LCH restriction applicable to a grant with priority indication for both dynamic grants and configured grants. Furthermore, not applying such LCP restriction to CG will result in further complication in the specification, i.e. extra conditions would be required.
[bookmark: _Toc32229367][bookmark: _Toc32229422][bookmark: _Toc32246216][bookmark: _Toc32247021][bookmark: _Toc32247030][bookmark: _Toc32247048][bookmark: _Toc32247054][bookmark: _Toc32247136][bookmark: _Toc32247176][bookmark: _Toc32247188][bookmark: _Toc32513041][bookmark: _Toc32513049][bookmark: _Toc32513058][bookmark: _Toc32513106][bookmark: _Toc32513122][bookmark: _Toc24008613][bookmark: _Toc24030087][bookmark: _Toc24030122][bookmark: _Toc24030149][bookmark: _Toc24034317][bookmark: _Toc24034362][bookmark: _Toc24034394][bookmark: _Toc24034458]LCP restriction of LCH(s) applicable to a given grant with PHY priority indication applies to dynamic grants as well as configured grants (type 1 and type 2).
[bookmark: _Toc32246217][bookmark: _Toc32229368][bookmark: _Toc32229423][bookmark: _Toc32247022][bookmark: _Toc32247031][bookmark: _Toc32247049][bookmark: _Toc32247055]Hence, phy-PriorityIndex should be considered in MAC CR, e.g., in the LCP restriction process and the restriction list.
[bookmark: _Toc32229369][bookmark: _Toc32229424][bookmark: _Toc32246218]
[bookmark: _Toc32247023][bookmark: _Toc32247032][bookmark: _Toc32247050][bookmark: _Toc32247056]In addition to the above discussion, the following two cases related to allowedPHY-PriorityIndex LCH and grant priority indications are interesting to address for the completeness of the prioritization process, as per the Editor note in [6]:
	Editor’s note: In this implementation, it is assumed that the LCH configured with allowedPHY-PriorityIndex is allowed to be mapped to dynamic grant without any priority indication. FFS: The mapping restriction between a LCH configured with allowedPHY-PriorityIndex and a grant without any priority indication.



Let’s consider the following:
1. If the logical channel is not configured with allowedPHY-PriorityIndex, then it is not restricted to any dynamic grant with priority indication or without indication. This LCH should be allowed to be sent over any grant, because gNB otherwise would have set it up. 

2. If the logical channel is configured with allowedPHY-PriorityIndex, and the dynamic grant is not configured with any priority indication, how would the prioritization procedures deal with this case?
The meaning of gNB not allocating a grant with specific priority means that it is not a high priority grant (otherwise it would have been indicated). Hence, UE should not send critical priority LCH on such grant. This argument is also supported by the TS 38.213, Section 9, specification as below:

	[bookmark: _Toc32229370]A PUSCH or a PUCCH, including repetitions if any, can be of priority index 0 or of priority index 1. If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0.


[bookmark: _Toc32229371]
[bookmark: _Toc32229425][bookmark: _Toc32246219][bookmark: _Toc32247024][bookmark: _Toc32247033][bookmark: _Toc32247051][bookmark: _Toc32247057][bookmark: _Toc32247137]Where priority index 0 is a low priority one. We should keep the interpretation of absent priority index in PHY and MAC aligned, and therefore propose:
[bookmark: _Toc32229372][bookmark: _Toc32229426][bookmark: _Toc32246220][bookmark: _Toc32247025][bookmark: _Toc32247034][bookmark: _Toc32247052][bookmark: _Toc32247058][bookmark: _Toc32247138][bookmark: _Toc32247177][bookmark: _Toc32247189][bookmark: _Toc32513042][bookmark: _Toc32513050][bookmark: _Toc32513059][bookmark: _Toc32513107][bookmark: _Toc32513123]If allowedPHY-PriorityIndex is configured for an LCH, an UL grant without priority indicator is considered as a low PHY priority grant in the MAC prioritization procedures.
[bookmark: _Toc32229373][bookmark: _Toc32229427][bookmark: _Toc32246221][bookmark: _Toc32247026][bookmark: _Toc32247035][bookmark: _Toc32247053][bookmark: _Toc32247059][bookmark: _Toc32247139]As a result, the LCH with high priority should not be mapped to such grant that is not configured with a priority indicator.

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:
Proposal 1	LCP restriction of LCH(s) applicable to a given grant with PHY priority indication applies to dynamic grants as well as configured grants (type 1 and type 2).
Proposal 2	If allowedPHY-PriorityIndex is configured for an LCH, an UL grant without priority indicator is considered as a low PHY priority grant in the MAC prioritization procedures.
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