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Introduction
RAN1 has informed RAN2 of the Rel-17 RAN1 UE feature list [2] and its respective RRC parameters [4] in two LS’s. UE features and RRC/L1 parameters for NR_IIOT_URLLC_enh are part of that list. In addition, a set of RAN1 CRs was approved for inclusion to Rel-17 at RAN#94e and RAN#95e, respectively. Based on this input, RAN2 should assess whether additional changes are needed for IIoT/URLLC in Rel-17. 
Rel-17 provides an option to support cancellation and replacement between two PUSCHs in the physical layer. This means the UE’s PHY has to be able to differentiate between two PUSCHs of same/different level of PHY priority and cancel one of them in time. 
Based on L1 IIoT/URLLC enhancements for Rel-17, this contribution discusses some impact and necessary extensions to the NR MAC specification with regards to intra-UE prioritization. 
In particular the following needs to be reviewed: 
a) Extensions/updates to the UL grant prioritization in order to handle two MAC PDUs
b) Appropriate stopping of the configuredGrantTimer upon CG cancellation/de-prioritization by a higher priority PUSCH, e.g., to allow autonomousTx at the next CG 

Discussion
Background
This section introduces new intra-UE prioritization enhancement features added by RAN1 that are impacting the UL grant prioritization in MAC. 
Cancellation and replacement between two PUSCHs based on two PHY priority levels is supported in Rel-17, where a high-priority (HP) PUSCH can override a low-priority (LP) PUSCH in the physical layer UE processing. 
If PHY prioritization including cancellation and replacement is enabled by the new UE capabilities for conflicting DG/CG PUSCH, the UE is expected to generate two MAC PDUs in Rel-17. This is not currently supported for all cases in the NR MAC specification. Along these lines, autonomous transmission helps utilize system resources more efficiently and reduce latency. PUSCH cancellation and replacement between two PUSCHs was not supported in Rel-16, where the UE only generates one MAC PDU. 
RAN1 made following agreements. 
Agreement // R1_107

For collision of HP DG-PUSCH and LP CG-PUSCH, the cancellation is applied per actual repetition, if HP DG-PUSCH and/or LP CG-PUSCH is repeated.

Agreement // R1_107b
The following working assumption is confirmed
For the overlapping between LP CG and HP DG, if MAC delivers two MAC PDUs to PHY, PHY layer can make the prioritization so that the UE is expected to cancel the overlapping low priority CG PUSCH by the first overlapping symbol at the latest. 
· On top of Rel-16 cancellation time (N2+d1) for PUCCH/PUCCH or PUCCH/PUSCH collision, additional time d3 is needed (which results N2+d1+d3 in total cancellation time) for LP CG-PUSCH and HP DG-PUSCH collision resolution.
· d3 = {0, }symbol(s) upon UE capability report, where  for SCS=15/30/60/120kHz, respectively.

Acordingly, RAN1 has introduced two new feature groups, FG 25-14 and FG 25-15, for overlapping DG/CG and overlapping CG/DG [2]. A description of the RRC parameters are can be found in [4]. 
	RAN1 FG
	Feature name
	Description
	RRC parameter

	FG 25-14
	PHY prioritization of overlapping low-priority DG-PUSCH and high-priority CG-PUSCH
	· Support PHY prioritization for the case where low-priority DG-PUSCH collides with high-priority CG-PUSCH 
	prioritizationBetweenLP-DG-PUSCHandHP-CG-PUSCH in PhysicalCellGroupConfig IE

	FG 25-15
	PHY prioritization of overlapping high-priority DG-PUSCH and low-priority CG-PUSCH
	· Support PHY prioritization of overlapping high-priority dynamic grant PUSCH and low-priority configured grant PUSCH on a BWP of a serving cell. 
· Additional number of symbols (d3) needed on top of Rel-16 cancellation time (which results N2+d1+d3 in total cancellation time).
	prioritizationBetweenHP-DG-PUSCHandLP-CG-PUSCH in PhysicalCellGroupConfig IE


Table 1: New RAN1 features for PHY prioritization between DG and CG

Pre-filtering of configured grants
In the RAN2#111e meeting, the handling of overlapping grants was discussed for different combinations of PHY-based and LCH-based prioritization. According to the RAN2 agreements, the intra-UE prioritization features of PHY-based and LCH-based prioritization were kept independent in Rel-16 [6][8]. The Rel-17 subfeature additions are for PHY prioritization only. 
In Rel-15 and Rel-16, a DG always takes precedence over a CG when LCH-based prioritization is not configured. Furthermore, certain overlapping CGs are filtered out during UL grant prioritization as per section 5.4.1 of TS 38.321. In order to enable the treatment of overlapping DG/CGs and trigger a generation of two MAC PDUs in Rel-17, a configured grant whose PUSCH duration is overlapping with the PUSCH duration of an uplink grant received on the PDCCH should not get filtered out. 
One question here is how to treat the case when lch-basedPrioritization is not configured. Is there any reason that Rel-17, assuming the new PHY features are supported and configured, should not fall back to Rel-15? If the answer to this question is yes then the MAC entity needs to deliver overlapping CGs to the HARQ entity. An exemplary MAC change illustrates this in figure 1. 
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Figure 1: Pre-filtering of CGs in MAC
The scenario mainly applies when lch-basedPrioritization is not configured. When lch-basedPrioritization is configured, a CG overlapping with a DG can already get delivered to the HARQ entity in Rel-16 (even though PHY is not expected to deliver such a grant). Therefore, the change above may be needed if RAN2 decides not to fall back to Rel-15 behavior when lch-basedPrioritization is not configured and PHY prioritization is configured in Rel-17. This may be justified because Rel-17 supports full prioritization between CG and DG and the two mechanisms are independent. In other words the PHY layer may no longer expect that MAC prioritizes the DG. We would like to clarify the RAN2 understanding for this case. 
Proposal 1: RAN2 confirms that when PHY prioritization is enabled for overlapping DG/CG in Rel-17 and lch-basedPrioritization is not configured, MAC procedures fall back to Rel-15 behaviour.

Cancellation of a configured grant
It has been specified in clause 9 of TS 38.213 [11] that the UE is expected to cancel a PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUSCH transmission of larger priority index. One example is the case of a configured grant PUSCH of larger priority index and a configured grant PUSCH of smaller priority index on a same serving cell. 
38.213, clause 9
	“If a UE would transmit the following channels, including repetitions if any, that would overlap in time
…
· a configured grant PUSCH of larger priority index and a configured grant PUSCH of smaller priority index on a same serving cell
the UE is expected to cancel a repetition of the PUCCH/PUSCH transmissions of smaller priority index before the first symbol overlapping with the PUCCH/PUSCH transmission of larger priority index…”



There are multiple other overlapping cases in clause 9 of TS 38.213 that can lead to a cancellation of a PUSCH transmission. Moreover, as mentioned above, a CG-PUSCH can be cancelled by a high PHY-priority DG-PUSCH transmission. 
38.331, PhysicalCellGroupConfig IE 
	prioHighDG-LowCG
Enable PHY prioritization for the case where high-priority dynamic grant PUSCH collides with low-priority configured grant PUSCH on a BWP of a serving cell (see TS 38.213 [13], clause 9), when the UE has generated transport blocks for both DG-PUSCH and CG-PUSCH as described in TS 38.321 [3].



When a CG-PUSCH transmission is cancelled due to one of the additional conditions for cancellation and replacement in Rel-17, MAC layer operation needs to encompass following steps:
a) The uplink grant that is cancelled by the high PHY-priority PUSCH transmission needs to be marked as a de-prioritized uplink grant.
b) If the de-prioritized configured grant uplink grant is configured with autonomousTx, the configuredGrantTimer and the cg-RetransmissionTimer for the corresponding HARQ process needs to be stopped if it is running.
Step b) is already taken care of in the current Rel-17 MAC specification but step a) is missing. The operation in step a) is needed to mark the corresponding uplink grant as a de-prioritized grant in all cases. Moreover, step a) extends the existing text in clause 5.4.1 in a manner that is consistent with other cases such as cancellation of a corresponding CG-PUSCH transmission by CI-RNTI or by a high PHY-priority PUCCH transmission. This enables a subsequent CG resource (of the same CG config) to be used for autonomous transmission. A similar case for high-PHY priority PUCCH was discussed in [12] and added to the specification in CR0888 [13].
Proposal 2: When a CG-PUSCH transmission is cancelled due to cancellation and replacement in Rel-17, the uplink grant associated with the cancelled CG is considered as a de-prioritized grant.
These changes apply when PHY cancels the CG-PUSCH after UL grant processing has already happened or when a CG is de-prioritized due to reception of a higher priority DG during uplink grant processing in MAC. The exact sequence of events depends on PHY and MAC timing. This case was not applicable so far because Rel-16 does not support overlapping CG/DG (including cancellation and replacement) in the physical layer. Therefore, MAC did not quite consider this case either. 
Proposal 3: RAN2 adopts the MAC specification to address Proposal 2. R2-2205681 is used as a baseline.
A Draft CR to correct the MAC layer behavior is provided in [15]. 

Conclusions
This contribution discusses the impact of new RAN1 features on MAC in Rel-17 with an emphasis on intra-UE prioritization. We have the following proposals:
Proposal 1: RAN2 confirms that when PHY prioritization is enabled for overlapping DG/CG in Rel-17 and lch-basedPrioritization is not configured, MAC procedures fall back to Rel-15 behaviour.
Proposal 2: When a CG-PUSCH transmission is cancelled due to cancellation and replacement in Rel-17, the uplink grant associated with the cancelled CG is considered as a de-prioritized grant.
Proposal 3: RAN2 adopts the MAC specification to address Proposal 2. R2-2205681 is used as a baseline.
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For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:

1> if the MAC entity is configured with Ich-basedPrioritization, and the PUSCH duration of the configured uplink
grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or
with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a
MSGA payload for this Serving Cell; or

1> if the MAC entity is not configured with Ich-basedPrioritization, and the PUSCH duration of the configured
uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a
Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell; or:

1> if the cell group is configured with physical layer prioritization between overlapping dynamic grant and
configured grant PUSCH transmissions, as specified in clause 9 of TS 38.213 [6], and the uplink grant is a
configured uplink grant for this Serving Cell:

2> set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;

2> if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-
RetransmissionTimer is not configured (i.e. new transmission):

3> consider the NDI bit for the corresponding HARQ process to have been toggled;
3> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

2> else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then
for the corresponding HARQ process:

3> if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new
transmission):

4> consider the NDI bit to have been toggled;
4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.

3> else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a
configured uplink grant (i.e. retransmission on configured grant):

4> deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
——————————————————————————————————————————




