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Introduction
[bookmark: _Toc524946176]In this paper, we discuss the following point in the WID ‎[1]:

	· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].



In particular, we discuss the necessary enhancements on the LCP restriction to indicate which LCH data should be multiplexed on the grant. Such enhancement is essential for multiple grants handling, which has been described in other papers. For instance, in [3]‎, we discuss the stage-2 level proposals for grant prioritization involving configured grants. In ‎[4], we discuss several other issues related to overlapping grants. 

Discussion
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. Whereas, non-critical traffic has looser latency and reliability requirements while is preferred to 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 grants (overlapping or non-overlapping) with different objectives might lead to several issues that should be addressed.

In Rel-15 MAC, LCP restrictions have been introduced, but the reliability aspects are not considered. 
Figure 1 describes the 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. When network realizes the arrival of eMBB data through BSR or other means, it sends a dynamic grant (DG) that fits between configured grant occasions (but does not overlap with CG). Such grant might be short in duration because of CG periodicity.
If both TSN and eMBB data are available in time for the dynamic grant, then TSN traffic will also fit into this dynamic grant. The current LCP restriction is only for the maximum PUSCH duration and thus not applicable in this scenario where grants of same duration are assumed. Therefore, multiplexing both TSN and eMBB in the dynamic (high spectrally efficient, unreliable) grant might result in decoding error of the critical data, hence retransmission of the TSN data will be needed. Therefore, data delivery latency will be increased.
[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: _Toc4701815]Rel-15 MAC LCP restriction has not considered the reliability aspects of the grant.
[bookmark: _Toc4161111][bookmark: _Toc4161754][bookmark: _Toc4421623][bookmark: _Toc4587990][bookmark: _Toc4658472][bookmark: _Toc4685191][bookmark: _Toc4685198][bookmark: _Toc4685417][bookmark: _Toc4686001][bookmark: _Toc4686562][bookmark: _Toc4701818]Introduce new LCP restriction considering grant reliability or priority.

One solution is to introduce an indication of a grant’s suitability to serve a given LCH. Restrictions or suitability can be defined per grant wherein an indication is provided to identify which LCHs are allowed for transmission using that grant. Further details are to be discussed and decided in RAN1. 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 minimal spec impact than other patches through existing signalling, and is future proof for other use cases. 
[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: _Toc4701816]Grant priority indication is beneficial for MAC to know which LCH to multiplex on this grant.
[bookmark: _Toc4161085][bookmark: _Toc4161101]From the above analysis, we propose 
[bookmark: _Toc4161112][bookmark: _Toc4161755][bookmark: _Toc4421624][bookmark: _Toc4587991][bookmark: _Toc4658473][bookmark: _Toc4685192][bookmark: _Toc4685199][bookmark: _Toc4685418][bookmark: _Toc4686002][bookmark: _Toc4686563][bookmark: _Toc4701819]From RAN2 point of view, it is beneficial to introduce a grant priority indication to indicate which LCH should be multiplexed on the grant.

Grant priority indication is also beneficial for PHY to have proper physical layer handling considering the priority between different channels. 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. 
[bookmark: _Toc4658469][bookmark: _Toc4685188][bookmark: _Toc4685203][bookmark: _Toc4685206][bookmark: _Toc4685416][bookmark: _Toc4686000][bookmark: _Toc4686561][bookmark: _Toc4161086][bookmark: _Toc4161102][bookmark: _Toc4161110][bookmark: _Toc4161753][bookmark: _Toc4421628][bookmark: _Toc4701817]Grant priority indication is beneficial for physical layer handling related with different priorities. 

Finally, we propose that 
[bookmark: _Toc4161113][bookmark: _Toc4161756][bookmark: _Toc4421625][bookmark: _Toc4587992][bookmark: _Toc4658474][bookmark: _Toc4685193][bookmark: _Toc4685200][bookmark: _Toc4685419][bookmark: _Toc4686003][bookmark: _Toc4686564][bookmark: _Toc4701820]Send an LS to RAN1 to indicate RAN2 preference of grant priority indication.


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	Introduce new LCP restriction considering grant reliability or priority.
Proposal 2	From RAN2 point of view, it is beneficial to introduce a grant priority indication to indicate which LCH should be multiplexed on the grant.
Proposal 3	Send an LS to RAN1 to indicate RAN2 preference of grant priority indication.
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