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1
Introduction
According to the WID of NR IIoT [1], the WI should address the following objectives for Rel-16:
	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].

· Address UL data/control and control/control resource collision by:

· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].

· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].


As highlighted above, one key objective for RAN2 is to specify the enhancements resolving resource collision between uplink grants that involve configured grants (CGs), including conflict between DG and CG, as well as conflict among multiple CGs. In this contribution, we aim to analyse different approaches that have been proposed to handle such prioritization.
2
Intra-UE Prioritization of Overlapping PUSCH
The proposed intra-UE prioritization schemes for cases with overlapping PUSCHs can be classified into two main categories, namely:

· Category 1: MAC prioritization 

· Category 2: PHY prioritization

Our views toward these different intra-UE prioritization schemes for PUSCH overlapping cases are provided below.
2.1 
Category 1 – MAC Prioritization

In cases MAC carries out prioritization among conflicting grants, the MAC directly compare multiple available uplink grants that overlap in time, and then select one of them for further processing (e.g. PDU generation, delivery to PHY).   Based on what has been agreed in the SI phase, the selection of grant is based on the priority of LCHs that have data available as well as the LCHs that can be mapped into each of the conflicting grants (by taking LCH mapping restrictions into account).  Once a grant is selected for prioritization, the MAC carries out LCP to generate MAC PDU for this selected grant, and then deliver it to the HARQ entity for uplink transmission by PHY. This allows the UE to always prioritize the transmission corresponding to the highest priority traffic that has data in the queue.
Moreover, grant selection could also be conducted in a sequential manner. Thus, instead of looking at all conflicting grants simultaneously for purposes of grant selection, in this option the MAC should begin by processing the grant with the earliest PUSCH starting time (e.g. perform LCP to generate MAC PDU), and then sequentially (e.g. based on the order of PUSCH starting time) inspect the other colliding grants in a one-by-one manner. When inspecting each grant, based on LCH priority and LCH mapping restriction, the MAC compares and determines if this grant will carry higher priority traffic than the one that has already been processed. If the later grant will carry higher data from LCHs with higher priority, than the MAC PDU of which should be generated and delivered to PHY to pre-empt the PUSCH that is already on-going. Otherwise, the later conflicting grant should not interrupt the existing transmission. 
In general, the options discussed above (parallel grant selection or sequential grant selection) could be used jointly as a part of MAC prioritization procedure, depending on if one of the conflicting grants whose PUSCH is already in transmission. However, from our point of view, sequential selection has some advantages of taking the latest buffer status into account before abandoning any grant, as some traffic may arrive after its suitable grant is dropped if parallel grant selection is applied.

The main merits of MAC prioritization are two folds: 
· MAC PDU generation of every grant is not needed

· Prioritization based on priority of actual data mapped to the grants
However, on the downside, it has been argued that, even if the MAC can prioritize and deliver the PDUs to PHY for transmission, the PHY may not be able to transmit this PDU due to:

· The PHY does not have sufficient time to stop/cancel the on-going transmission, before starting the PUSCH of the new PDU received from MAC, and/or

· The colliding (on-going) PUSCH has multiplexed some important UCI such as HARQ feedback. 

Thus, before the MAC decides to generate a PDU for a grant and deliver it to PHY for transmission, it is useful for the MAC to acquire certain information from PHY, such as the feasibility of cancelling on-going PUSCH before starting the new transmission, and the information relating to UCI (if any) that has been multiplexed into the on-going PUSCH. The information can be provided by PHY in a proactive or on-demand manner (e.g. upon request from MAC). By taking these factors into account, along with LCH priority levels mapped to the grants, the MAC is able to make a more judicious decision on generating a PDU if it is ought to be prioritized. 
Another potential drawback with MAC prioritization the selection of grant is the rather non-deterministic UE behavior, which may result in some ambiguity at the gNB side, as the gNB does not know which grant will be chosen by the UE for PUSCH transmission and which one will be dropped or cancelled. Hence, this may require more than one detection hypothesis for data decoding, which in turn increases complexity of the gNB.
Observation 1: Grant prioritization by MAC can guarantee that the data with the highest priority is prioritized in transmission, without having to generate MAC PDU for every conflicting grant. However, there could be some impacts to PHY operation such as UCI multiplexing.
2.2 
Category 2 – PHY Prioritization

Considering the impacts of MAC prioritization, some proposals have suggested that PHY (instead of MAC) can decide which of the conflicting grant/PDU should be processed for uplink transmission. From the MAC point of view, in this approach the MAC should generate a PDU for each of the conflicting grants regardless of the traffics that are conveyed, and PHY should have its own mechanism to choose the MAC PDU for transmission. 
Different PHY prioritization mechanisms have been proposed, including:
· Per-Grant priority indicator: A per-grant priority indicator could be embedded in the DCI, which indicates that such grant has the highest priority, and should override all other conflicting grants. This allows a deterministic UE behavior of grant selection, and hence gNB is able to easily identify the PUSCH transmission (and possible UCI multiplexing) without checking multiple detection hypothesis. However, such approach does not necessarily take the information relating to LCH priority into account, so there is a risk such that a prioritized grant carries lower-priority traffic while de-prioritizing grants that actually convey higher-priority data. 
· Inter-Layer LCH priority information sharing: The MAC can generate a MAC PDU for each grant, and deliver all of them to PHY along with the associated LCH priority information, so the PHY can carry out prioritization based on the LCH priority shared by MAC. As not all these MAC PDUs will be transmitted eventually, such approach may result in congestion of HARQ processes. Nevertheless, it is true that LCH priority associating to each generated MAC PDU can be useful for handling of conflicts between control information (i.e. HARQ-ACK, CSI, and SR). Note that, with this option which grant to be prioritized is still a non-deterministic behavior so it would create the multiple hypothesis issues for decoding at the gNB side as well. 
From our point of view, it is not desirable to generate MAC PDU for every grant. This is particularly inappropriate for CG resources - when a MAC PDU generated for a CG resource is de-prioritized (and hence not transmitted completely), the gNB does not know whether the packet is not transmitted, or the UE has skipped this CG resource because there is no traffic in the buffer. Therefore, it could be ambiguous for the gNB to decide if a retransmission grant should be issued. One could argue that the gNB may always issue the retransmission grant to prevent packet loss, but this is clearly inefficient, especially considering aperiodic traffic and UL skipping behavior at UE side. 
Observation 2: PHY Prioritization based on per-grant priority indictor provides a deterministic behavior that reduces decoding complexity at the gNB, as well as avoiding issues of UCI multiplexing. However, from MAC point of view, generating MAC PDU for every grant is not desirable, and transmission of higher priority traffic cannot be guaranteed.  
One could argue that, new LCH mapping restriction rule relating to grants with such high-priority could be defined, in order to make sure that high-priority traffics such as URLLC will be conveyed by this high-priority grant. However, the RAN2 standardization effort required for this new rule may not be simple. For instance, for an URLLC LCH configured with restriction on maximum PUSCH duration, how should it behave if a dynamic grant with a high priority indicator has a PUSCH duration longer than the configured maximum PUSCH duration for this LCH? These cases have to be reviewed carefully to avoid potential ambiguity. Similarly, for TSC applications, most likely every TSC flow is already mapped to certain CG resources based on their characteristics, so how the additional rule relating to grant priority indicator should be implemented in such case is not clear. 

Another question is, as at least one CG is configured and activated, in many cases the URLLC traffic will be mapped to CG resources immediately after they arrive in the LCH buffer (which means the UE may not even send SR/BSR relating to URLLC traffics), so how likely a gNB will send a dynamic grant targeting at URLLC traffic (with a high priority indicator) in practice is questionable.
Observation 3: PHY Prioritization based on per-grant priority indictor, together with the related LCH mapping restriction rules, may create some ambiguity issues as URLLC traffics are typically configured with some other LCH mapping restrictions as well.  

Based on these observations, from RAN2 point of view we think it is still more straightforward to carry out prioritization in MAC, as it has a more complete knowledge basis of priority of the traffics. However, the issues relating to multiple hypothesis of decoding at gNB side, as well as ambiguity relating to UCI multiplexing at the PHY layer, would require RAN1’s investigation. If RAN1 concludes that issues created by MAC prioritization are not acceptable, then certainly re-consideration by RAN2 is needed. 
Proposal 1: RAN2 may agree MAC Prioritization as a working assumption for the time being, and such assumption could be lifted in the future if RAN1 further concludes that issues with MAC prioritization are not acceptable in PHY. 
3
Considerations on MAC PDU Generation

As elaborated in the previous section, one major merit of MAC prioritization is that the MAC selectively generate and deliver MAC PDUs to PHY based on LCH priority, which is beneficial in terms of efficiency and avoiding potential HARQ process congestion. In particular, generating unnecessary PDU for CG resources lead to risks of packet loss, as the gNB is not sure if a re-transmission grant should be issued for a de-prioritized CG. Besides, by not generating the MAC PDU, the data stay in the LCH buffer and can be allocated in subsequent resources more flexibly. 

For a de-prioritized DG, on the other hand, the gNB can always treat it as a failed transmission respond by sending a re-transmission grant. Therefore, it is less problematic to generate a MAC PDU for DG and store in the HARQ buffer, even if it is de-prioritized. Also, if the MAC PDU contains any MAC CE, by always generating a MAC PDU allows the gNB to have a more reference timing about the MAC CE information (i.e. the gNB can always refer the information conveyed by the MAC CE to the timing of initial transmission grant).
Hence, if MAC prioritization is applied, whether the MAC PDU for a de-prioritized grant is to be generated depends on if the de-prioritized grant is a CG or DG.

Proposal 2: If MAC prioritization is to be applied, the MAC PDU for a de-prioritized grant should not be generated if the de-prioritized grant is a CG, while the MAC PDU for a de-prioritized grant should be generated if the de-prioritized grant is a DG.
4
Conclusions
This contribution analyzes the two categories of intra-UE prioritization schemes, namely MAC prioritization and PHY prioritization. By looking into each of these categories, we have made the following observations:

Observation 1: Grant prioritization by MAC can guarantee that the data with the highest priority is prioritized in transmission, without having to generate MAC PDU for every conflicting grant. However, there could be some impacts to PHY operation such as UCI multiplexing.
Observation 2: PHY Prioritization based on per-grant priority indictor provides a deterministic behavior that reduces decoding complexity at the gNB, as well as avoiding issues of UCI multiplexing. However, from MAC point of view, generating MAC PDU for every grant is not desirable, and transmission of higher priority traffic cannot be guaranteed.  

Observation 3: PHY Prioritization based on per-grant priority indictor, together with the related LCH mapping restriction rules, may create some ambiguity issues as URLLC traffics are typically configured with some other LCH mapping restrictions as well.  

And the following is proposed:
Proposal 1: RAN2 may agree MAC Prioritization as a working assumption for the time being, and such assumption could be lifted in the future if RAN1 further concludes that issues with MAC prioritization are not acceptable in PHY. 
Moreover, we discussed if the MAC should generate the MAC PDU for de-prioritized grant, and we conclude that:

Proposal 2: If MAC prioritization is to be applied, the MAC PDU for a de-prioritized grant should not be generated if the de-prioritized grant is a CG, while the MAC PDU for a de-prioritized grant should be generated if the de-prioritized grant is a DG.
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