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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]One objective of the IIoT WID, revised in RAN#84 [1], is to specify means to address conflicts between overlapping PUSCH transmissions, aka data/data prioritization:
	2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· 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 RAN#106, this issue was discussed and the following options were mentioned as possible framework alternatives:
Alternative 1. PHY handles the grant prioritization based on a field in DCI without MAC assistance and indicates only the dynamic grant for higher priority traffic to the MAC.
Alternative 2. MAC generates and delivers a MAC PDU for a later processed grant only when the later processed grant is for a higher priority traffic and, thus, the subsequent PDU, passed from MAC to PHY, always has a higher priority in PHY.
Alternative 3. MAC generates a MAC PDU for each grant and provides assistance information to PHY and the PHY handles the grant prioritization based on the assistance information.
However no conclusion could be reached and the Chairman captured the following summary:
	Chair summary on DCI indication: R2 could not agree that it would be useful, neither with respect to additional LCH restriction case, nor with respect to processing time-line (UCI) problem. We leave any decisions on whether to have the DCI indication to R1. If agreed, we expect R2 need to analyse the MAC impact.


The issue was further addressed in an email discussion to this meeting [2]. In this contribution, we address this topic through the following aspects:
· General framework (prioritization in MAC? PHY? Both?)
· Prioritization rules
Discussion
From the above aspects, the timeline and framework issues are highly correlated since one argument used by PHY proponents for handling the prioritization is e.g. that UCI processing, that may impact the prioritization outcome is performed in PHY, hence PHY should handle the whole prioritization. However, irrespective of where is performed the prioritization, we believe the first question to address is, functionally, which criterion makes most sense for handling the prioritization. Therefore we start with this issue.
Prioritization rules
Prioritization rules discussed so far can be classified in two main components:
· MAC-based prioritization
· PHY-based prioritization
MAC-based prioritization
The SI concluded on the following prioritization criterion for MAC [3]:
	For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each logical channel.


Although this should be the starting point of the prioritization rule, such rule ignores potential MAC CEs included in the MAC PDU, thus needs to be complemented to address (at least) the case where the MAC PDU only includes MAC CEs. However, only the MAC CE for BSR (with exception of BSR included for padding) can be linked to an LCH priority, all other MAC CEs are LCH-agnostic. Therefore, we suggest that the LCH that triggered the BSR MAC CE is also used in the LCH priority determination of the UL grant carrying such MAC CE. Other MAC CEs play no role in the prioritization, i.e. are implicitly of the lowest priority.
Proposal 1: The priority of a dynamic or configured grant is determined by the highest priority of:
· The LCH(s) it carries
· The LCH that triggered the BSR if the grant includes a BSR MAC CE (with exception of BSR included for padding)
Proposal 2: If a dynamic or configured grant only carries non-BSR MAC CE(s) and/or padding, it is assigned the lowest priority.
The above SI conclusion does not explicitly address the case of dynamic grants for re-transmissions, although the very same rule should apply:
Proposal 3: For dynamic grants for retransmissions, the priority of the grant is determined by the highest priority of LCHs, including the LCH that triggered a BSR MAC CE (with exception of BSR included for padding), if any, in the initial transmission.
The above rule is illustrated in Figure 1 for colliding configured and dynamic grants:


[bookmark: _Ref14789380]Figure 1: MAC-based prioritization rule for CG/DG prioritization
[bookmark: _Ref14874962]PHY-based prioritization
The SI concluded on the following prioritization criterion for PHY [3]:
	For scenario 2, in case the collision between configured grant and dynamic grant occurs in physical layer, options to determine the prioritization between configured grant and dynamic grant include at least:
-	Priority at PHY is determined by MAC layer for the purpose of PHY prioritization.
-	Note: this may or may not have any RAN1 impact
-	Priority at PHY is determined via PHY channel(s)/signal(s)/parameters for the purpose of PHY prioritization.
-	It is configurable as part of the configured grant configuration whether it should have higher priority than dynamic grant in case of conflict.
-	Other options are not precluded.


Given only the yellow-highlighted text is real PHY-based prioritization (since all other options can also be handled in MAC), we focus on this option. In this option, gNB provides in the DCI scheduling the UL grant an explicit priority for that grant. This option is much less attractive than the LCH-based prioritization of the MAC-based prioritization for the following reasons:
· RAN1 only focuses so far on 2-level (eMBB/URLLC) prioritization, which is well suited for the costly PDCCH payload. Thus such prioritization provides very rough granularity resulting in equal priority 50% of the time, while MAC has visibility on 16-level LCH priority which is better suited to differentiate between multiple URLLC TSN traffic flows (as a recall IEEE802.1Q requires serving at least 8 priorities).
· gNB cannot predict at 100% which LCHs will be carried in the UL grants hence may run wrong prioritization; 
· Data scheduling and prioritization has always been a MAC function, leveraging LCP and LCH configurations with high granularity of priorities etc, not PHY;
· Such approach forces MAC to always deliver all MAC PDUs to PHY, which has the following drawbacks:
· Dropped PDUs (at least for dynamic grants) can only be recovered by HARQ retransmissions (same HARQ process), although no initial transmission occurred, thus imposing unnecessarily additional latency due to HARQ RTT;
· The initial transmission didn’t happen which requires a special treatment of the “re-transmission” at the receiver (no combining should be done), thus increasing gNB complexity;
· It consumes unnecessary PDCCH load
· Any MAC CEs included in the dropped PDU may become outdated
Observation 1: MAC PDU delivery to PHY to be further dropped due to grant de-prioritization should be avoided as much as possible.
Observation 2: DCI-based prioritization of PUSCH transmission is more complex and less accurate than LCH-priority based prioritization.
Another argument used in [4] is that if MAC (or PHY) resolves conflicts between a DG and CG using a complex rule (namely LCH-priority rule, compared with explicit priority in DCI), conflict resolution can impact PUSCH preparation timeline of a dynamic grant for URLLC, aka Tproc,2 ([4], Section 6.4). However, since the new prioritization rule significantly improves the timeline for URLLC data compared to Rel-15, the price to pay is a slightly larger Tproc,2 for all grants. Note though that at least two chipset vendors consider the additional processing time due to MAC prioritization as negligible [6][7].
Yet another argument used in [4] is that, when UCI needs to be multiplexed with the PUSCH of the prioritized grant, the UCI multiplexing cannot be prepared ahead of time i.e. right after receiving the DCI carrying the UL grant, but needs to wait for the prioritization completion. However, UCI generation obeys its own processing deadlines defined e.g. by Tproc,1 (processing time for PDSCH and resulting HARQ-ACK on PUCCH) which can anyways be sometimes shorter than Tproc,2 and pre-processing the UCI multiplexing before this deadline is only one implementation choice. In such case, as mentioned in [4], the pre-processing can also anticipate both prioritization options (parallel processing of UCI multiplexing for both UL grants).
Finally, as also elaborated in [5], as in Rel-15, the minimum processing time requirement Tproc,2 for PUSCH generation is captured in the physical layer specification and includes all associated MAC functions, although transparent to MAC specification. Such model can be kept in Rel-16 where Tproc,2 (or T’proc,2 if RAN1 sees the need to upgrade it) could also take the prioritization into account while remaining transparent to MAC.
Observation 3: MAC-based PUSCH prioritization neither jeopardizes UCI multiplexing in PUSCH nor requires a new MAC/PHY model of processing time for PUSCH.
Proposal 4: DCI-based prioritization of PUSCH transmission is not pursued in Rel-16.
Framework
Based on the above discussion, we propose the following MAC/PHY framework for handling data/data prioritization for either overlapped CG and DG or overlapped CG and CG:
Proposal 5: MAC handles prioritization and delivers one or two PDUs to PHY, depending on whether the prioritization happened before or after a first PDU was already assembled/delivered.
Proposal 6: In case it receives two PDUs from MAC, PHY considers the last delivered PDU takes priority.
Conclusion
This contribution discussed data/data prioritization rules and framework, resulting in the following observations and proposals:
Proposal 1: The priority of a dynamic or configured grant is determined by the highest priority of:
· The LCH(s) it carries
· The LCH that triggered the BSR if the grant includes a BSR MAC CE (with exception of BSR included for padding)
Proposal 2: If a dynamic or configured grant only carries non-BSR MAC CE(s) and/or padding, it is assigned the lowest priority.
The above SI conclusion does not explicitly address the case of dynamic grants for re-transmissions, although the very same rule should apply:
Proposal 3: For dynamic grants for retransmissions, the priority of the grant is determined by the highest priority of LCHs, including the LCH that triggered a BSR MAC CE (with exception of BSR included for padding), if any, in the initial transmission.
Observation 1: MAC PDU delivery to PHY to be further dropped due to grant de-prioritization should be avoided as much as possible.
Observation 2: DCI-based prioritization of PUSCH transmission is more complex and less accurate than LCH-priority based prioritization.
Observation 3: MAC-based PUSCH prioritization neither jeopardizes UCI multiplexing in PUSCH nor requires a new MAC/PHY model of processing time for PUSCH.
Proposal 4: DCI-based prioritization of PUSCH transmission is not pursued in Rel-16.
Proposal 5: MAC handles prioritization and delivers one or two PDUs to PHY, depending on whether the prioritization happened before or after a first PDU was already assembled/delivered.
Proposal 6: In case it receives two PDUs from MAC, PHY considers the last delivered PDU takes priority.
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