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1.
Introduction

In the previous RAN2#107 meeting, there was initial discussion on eURLLC with the conclusion of the work split with IIOT.

	· UL intra-UE prioritization and enhanced UL CG transmission should be discussed and addressed under RAN2 IIOT WI while the other objectives should be discussed under RAN2 eURLLC WI.


Follow the work split and RAN1 progress [1][2], this contribution discuss and provide analysis on RAN2 user plane impact of eURLLC for the following objectives case by case [3]. UCI enhancement may have some CP impact and more analysis can be found in another contribution [4].
	· Specification of PDCCH enhancements [RAN1]

· Specification of UCI enhancements [RAN1]

· Specification of PUSCH enhancements for both grant-based PUSCH and configured grant based PUSCH [RAN1]

· Specification of enhancements to scheduling/HARQ [RAN1]

· Specification of enhanced inter UE Tx prioritization/multiplexing [RAN1]


2. Discussion
2.1
PDCCH/UCI enhancement
According to the descriptions of the objective of PDCCH enhancement, there are two main issues to be addressed, one is to introduce a new DCI format with reduced size for URLLC scheduling and another one is to increased PDCCH monitoring capability. 
	· Specification of PDCCH enhancements [RAN1]

· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger thanRel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.


Regarding the increased PDCCH monitoring capability, RAN1 agreed to increase the maximum number of non-overlapped CCEs per slot for channel estimation and to increase the maximum number of PDCCH candidates per slot for latency reduction. Therefore the main standard impacts are L1 spec and RRC configurations. No RAN2 UP impact is foreseen so far. However, for the new DCI format for DL and UL scheduling for Rel-16 URLLC, we understand that the intention is to use a “compact” DCI for high reliability service. Therefore, it is related to the RAN2 discussions on the LCP restriction enhancement as follows,

	· 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.


Meanwhile, as mentioned in [4], RAN1 agreed to introduce the 2-level PHY priority for DG PUSCH for PHY-layer collision handling. In subclause 4.4 of [5], RAN1 has discussed the RAN2 progress on LCP restriction and agreed it is determined by the PHY indication/signalling but it is still not downselected among DCI field, RNTI or DCI format.  
	Agreement:

2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by aPHYindication/signaling.


From RAN2 perspective, we understand the new DCI format is even more direct to high reliability of 99.9999%. Even RAN2 decides to select another method for PHY-layer collision handling, we can further take the additional indication into account for LCP restriction enhancement. That is, we suggest to have the following assumption in RAN2.

Proposal 1:  RAN2 assumes that the new DCI format for UL scheduling for Rel-16 URLLC can be introduced to LCP restriction. FFS on additional indication from PHY pending to RAN1 inputs.
2.2
PUSCH enhancement
In the last RAN1#98bis meeting, the following terminologies of Rel-16 PUSCH transmission scheme are introduced.

	· “Rel-16 PUSCH transmission scheme”: Option 4

· “Rel-15 PUSCH transmission scheme”: the transmission is done according to Rel-15 behavior, either with or without slot aggregation. With slot aggregation, the number of repetitions can be either semi-statically configured (as in Rel-15) or dynamically indicated (as agreed for Rel-16).


Basically, the functionality of PUSCH enhancements mainly have the two aspects as follows,
- Mini-slot based repetition 

In Rel-15, for dynamic and configured grant, slot-based repetition/ aggregation scheme is supported to improve the PUSCH reliability, where the repetition number is configured by RRC. The repetitions are transmitted across consecutive slots using the same time-domain resource allocation in each slot, as shown in Figure 1.
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Figure 1. Slot-based repetition/aggregation in Rel-15

In order to cope with the stringent latency requirement of Rel-16, mini-slot based repetition across slot boundary is introduced in RAN1 with “Option 4”. With Option 4, actual PUSCH repetitions across slot boundary in consecutive available slots is supported using one UL grant, which is applicable for both dynamic grant and configured grant. The number of the repetitions signalled by gNB represents the “nominal” number of repetitions. However, the actual number of repetitions can be larger than the nominal number. More specifically, if a "nominal" repetition goes across the slot boundary or DL/UL switching point, this "nominal" repetition is split into multiple PUSCH repetitions, with one PUSCH repetition in each UL period in a slot, as shown in Figure 2.
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Figure 2. Min-slot-based repetition/aggregation in Rel-16
In addition, RAN1 agreed to introduce an explicit RRC parameter for DG and CG to indicate whether the UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”. Therefore, the “Rel-16 PUSCH transmission scheme” can be enabled or disabled by RRC indication. 
	Agreements:

For DG and retransmission of CG, introduce one RRC parameter for each of the DCI format 0_1 and the new UL DCI format, to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

· FFS: whether to restrict that “Rel-16 PUSCH transmission scheme” cannot be enabled for both DCI formats simultaneously 

For Type 1 CG, introduce an RRC parameter per CG configuration to indicate whether UE follows the behavior for “Rel-16 PUSCH transmission scheme” or the behavior for “Rel-15 PUSCH transmission scheme”.

Agreement:

For Type 2 CG, UE uses the PUSCH transmission scheme (“Rel-16 PUSCH transmission scheme” or “Rel-15 PUSCH transmission scheme”) associated with the activating DCI format.




Proposal 2a: For “Rel-16 PUSCH transmission scheme”, when enabled by RRC, the number of PUSCH retransmissions within a bundle for CG and DG is determined by the lower layer, which may be larger than “nominal” repetition number configured by RRC.
- Dynamic indication of repetition number 

In Rel-15, the repetition number is configured by RRC. No that it is semi-static and therefore cannot be dynamically adapted to the radio link quality change. In Rel-16, RAN1 agreed to support dynamic indication of number of repetitions for both Rel-15 with slot aggregation and also for Option 4, which can be applicable to DG and CG Type 2. And it is provided by PHY.
	Agreements:

For the dynamic indication of the number of repetitions for dynamic grant:

· Jointly coded with SLIV in TDRA table, by adding an additional column for the number of repetitions in the TDRA table 

· The maximum TDRA table size is increased to 64

· No other spec impact is expected


Proposal 2b: For both “Rel-16 PUSCH transmission scheme” and “Rel-15 PUSCH transmission scheme”, the number of “nominal” repetition number can be also provided by lower layer.
Proposal 3: For each transmission within a bundle of the dynamic grant and configured grant, the sequence of RV and TBS is determined by the physical layer. 
Proposal 4: The HARQ entity delivers the uplink grant and HARQ information of TBS and RV for each repetition to the corresponding HARQ process.

2.3
Scheduling enhancement

Regarding the out-of-order (OOO) scheduling and HARQ-ACK, actually the pipeline processing rule is captured in the RAN1 spec, which is transparent to higher layer. Therefore, we don't see much impact to MAC spec so far. We understand that as long as the uplink grant can be delivered to the MAC entity, the MAC entity will process the uplink grant and instruct the corresponding HARQ process to trigger the (re)transmission. However, the final call of transmission is up to PHY processing, e.g. whether to drop it due to OOO PUSCH scheduling in PHY is invisible to MAC. We think a reasonable functionality split is as follows  

· MAC entity is responsible of UL grant /DL assignment reception and corresponding HARQ process.

· PHY determines whether to drop/terminate the processing of PUSCH/ACK or to process both PUSCH/ACK following OOO PUSCH scheduling/ACK.

Observation 1: RAN2 assumes that there is no significant impact to MAC spec for scheduling enhancement.

2.4
Inter-UE prioritization

RAN1 has introduced the new RNTI (e.g. cancelation indication, CI-RNTI, which is already used in Running 38.213 CR) for the support of inter-UE prioritization, similar to INT-RNTI. The UE shall monitor the UL CI-RNTI if configured and follow the prioritization behaviour defined in RAN1 upon receiving the UL CI-RNTI. Therefore, the UE need to monitor the new RNTI (CI-RNTI), which has to be considered in DRX operation. 
Proposal 5: The MAC entity shall monitor CI-RNTI when in DRX Active Time.
3. Conclusion
In this contribution, we discuss and provide our views on MAC impact of eURLLC, and the following observations and proposals are made. More specifically,

Regarding PDCCH enhancement, we have the following proposals,

Proposal 1:  RAN2 assumes that the new DCI format for UL scheduling for Rel-16 URLLC can be introduced to LCP restriction. FFS on additional indication from PHY pending to RAN1 inputs.

Regarding PUSCH enhancement, we have the following proposals,
Proposal 2a: For “Rel-16 PUSCH transmission scheme”, when enabled by RRC, the number of PUSCH retransmissions within a bundle for CG and DG is determined by the lower layer, which may be larger than “nominal” repetition number configured by RRC.
Proposal 2b: For both “Rel-16 PUSCH transmission scheme” and “Rel-15 PUSCH transmission scheme”, the number of “nominal” repetition number can be also provided by lower layer.
Proposal 3: For each transmission within a bundle of the dynamic grant and configured grant, the sequence of RV and TBS is determined by the physical layer. 

Proposal 4: The HARQ entity delivers the uplink grant and HARQ information of TBS and RV for each repetition to the corresponding HARQ process.

Regarding PUSCH enhancement, we have the following observation,
Observation 1: RAN2 assumes that there is no significant impact to MAC spec for scheduling enhancement.

Regarding inter-UE prioritization, we have the following proposal,
Proposal 5: The MAC entity shall monitor CI-RNTI when in DRX Active Time.

A draft Running MAC CR can be found in [5].
4. Reference
[1] R1-1911729 Summary of RRC parameters for NR eURLLC, WI rapporteur (Huawei).

[2] R1-1911748 Parameters list for IIOT, WI rapporteur (Nokia).

[3] RP-190726 Physical layer enhancements for NR URLLC

[4] R2-1916019 Discussion on RRC configurations of L1 parameters for eURLLC, Huawei, HiSilicon.

[5] R2-1916022 Running 38.321 CR for NR_L1enh_URLLC, Huawei, HiSilicon.
