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1. [bookmark: _Ref525302579]Introduction
In RAN2#104 meeting, it was agreed to include the following five scenarios in the TP [1]:
· Scenario 1: Intra-UE DL Prioritization;
· Scenario 2: Intra-UE UL Prioritization: Resource Conflict between Configured and Dynamic Grants;
· Scenario 3: Intra-UE UL Prioritization: Resource Conflict between Dynamic Grants;
· Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Information and Control Information;
· Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Information and Data.
We discuss further details of these scenarios in our other contribution [2] and identify those requiring RAN2 (MAC) solutions. In this contribution we give some preliminary views on these possible solutions.
2. Discussion
2.1 Generic considerations
Before going into each scenario, we first distinguish two different types of prioritization criterions: the priority-based solutions where the respective priorities of the colliding resources (e.g. SR, PUSCH, DL HARQ feedback) are derived from the priorities of the involved LCHs, and channel mapping restriction based solutions.
[bookmark: _Ref532896929][bookmark: _Ref532908822]LCH-priority based solutions
In this approach, the (highest) priorities of the LCHs involved in the colliding signals/channels are compared to decide which should be prioritized over the other.
Channel mapping restriction based solutions
This approach uses the physical characteristics of the colliding UL resources rather than their priorities to select which to preempt/transmit. Given the objective still remains to prioritize and optimize the transmission of URLLC traffic, such physical characteristics should typically involve LCP parameters such as PUSCH duration and sub-carrier spacing (SCS). However, IIoT usecases in [4] put stringent constraints on reliability as well. And in Rel-15, gNB scheduler can make use of the MCS selection for specifically addressing URLLC traffic, thus targeting a more robust transmission than for other LCHs. But Rel-15 LCP channel restrictions do not address the reliability criterion to allow sorting those LCHs targeted by “robust” grants. As a result, we believe Rel-16 should now include the PUSCH reliability as part of the LCP channel mapping restriction parameters. For example, it can be addressed via a parameter maxMCS configuring the maximum MCS an LCH is allowed to be transmitted with.
Proposal 1: The LCP channel mapping restrictions should include a new parameter addressing the reliability constraint of URLLC traffic.
2.2 Scenario 1: Intra-UE DL Prioritization
In Rel-15, DL inter-UE prioritization/multiplexing function has been studied. However, intra-UE downlink prioritization is not supported in Rel-15. In Rel-16, this restriction could be released though by allowing a UE to receive dynamic scheduling of a DL SCH overriding an earlier dynamic assignment in the same slot as illustrated in Figure 1.


[bookmark: _Ref692505]Figure 1: Intra-UE downlink Prioritization and Multiplexing
We show below two main approaches that could be envisioned, and analyze the impacts on MAC. Solutions for this scenario very much depend on RAN1 progress on the feasibility of the various options discussed below.
Solution 1a: PHY cancels the originally planned reception (PDSCH1) and only receives and processes the new one (PDSCH2).
In solution 1a, the 1st transmission is cancelled, and the UE does not even need to feedback NACK, thus saving power and interference. PHY just discards the former TB.
MAC impacts of solution 1a:
The MAC impacts reduce to ignoring the former DL assignment if either PHY explicitly notified to cancel it, or no associated TB was received from PHY or (re-using current MAC wording) “the PDSCH of this downlink assignment overlaps with a PDSCH of another downlink assignment received after this downlink assignment on the PDCCH for this Serving Cell”. Thus since the downlink assignment is ignored and no TB is received from PHY, no TB is allocated to the HARQ process and no HARQ feedback is reported. Note that the same HARQ process can be used by both assignments if both are new transmissions.
Solution 1b: The preempted TB (PDSCH1) is still partly received.
This solution is very similar to Rel-15 inter-UE pre-emption (but w/o any need for an INT-C-RNTI). A difference with solution 1a is that different HARQ processes must be used. Feasibility of solution 1b in addressing any use case essentially depends on the capability of a UE to simultaneously process two PDSCH(s), which must be discussed/decided in RAN1.
MAC impacts of solution 1b: no MAC impacts are foreseen since it would be no different from the legacy Rel-15 inter-UE pre-emption.
Proposal 2: RAN2 waits for RAN1 to conclude on which, from above solutions 1a or 1b, is preferred from PHY perspective before working on the MAC impacts (if any).
2.3 Scenario 2: Intra-UE UL Prioritization - Resource Conflict between Configured and Dynamic Grants
In Rel-15, it was agreed that dynamic grant was prioritized over configured grant when resource conflict happens between configured and dynamic grants. This rule will have great impact on the IIOT performance, which is mapped (by LCP) onto configured grants and requires extremely low latency or high reliability. As a result, always prioritizing dynamic grant over configured grant is not sufficient for addressing IIoT requirements [3]. There are various solutions addressing this issue.
Solution 2a: Some configured grants, if not skipped, always take priority over the dynamic grant.
IIoT traffic is expected to be generally mapped onto configured grants due to its latency sensitive characteristics. Since RAN1 agreed to support multiple configured grants (CG) configurations per BWP in Rel-16, some of them could specifically be configured to always take priority over a colliding dynamic grant if they carry some UL-SCH. Thus, a specific mapping of the IIoT traffic to such CG configuration would secure the traffic latency. Note that such restriction is already available in Rel-15 via LCP channel mapping parameter configuredGrantType1Allowed. For example, reserving configured grants type 1 to the exclusive usage of IIoT LCH and allowing such CGs, by specification, to take priority over dynamic grants would not require any additional configuration parameter and can be the simplest approach specification-wise. 
This solution can be attractive by its simplicity but also has some drawbacks: indeed the prioritization is configured and applied the same independently of the type of LCH(s) (priority, latency, reliability) the UE needs to transmit at the time of the collision. It is therefore better suited to cases where a static/semi-static one-to-one mapping is configured between one LCH and one configured grant configuration, i.e. one configure grant configuration is 100% dedicated to one LCH.
In addition the dynamic grant is also used for retransmission of a configured grant. If the resource of the dynamic grant scheduling the configured grant retransmission collides with that of another configured grant resource (with different HARQ process), the re-transmission will be de-prioritized over the new transmission. This can of course be avoided by gNB scheduler (when allocating the dynamic grant for the retransmission) but it imposes further scheduler restrictions.
Solution 2b: LCH-priority based solutions
In this solution, the priorities of the highest-priority LCHs multiplexed by LCP in both the dynamic and configured grants are compared to decide which from the dynamic or configured grant takes priority over the other. Such approach requires running “virtual” LCPs hence may raise some complexity issues. A simpler approach consists in configuring one single UE-specific priority threshold priorityThreshold as RRC parameter and if the highest priority of the LCHs multiplexed by LCP in the configured grant is higher than this threshold, the configured grant takes priority over the dynamic grant, otherwise, the other way around (see Figure 2). Note this generic priorityThreshold could be commonly used for all prioritization scenarios, as further discussed in the rest of the document.


[bookmark: _Ref692559]Figure 2: CG/DG prioritization based on a generic priorityThreshold
Solution 2c:Channel mapping restriction based solutions.
In this approach if a dynamic grant collides with a configured grant and the LCP results in multiplexing at least one LCH in the configured grant, and at least one LCH in the dynamic grant, the grant with the most restrictive channel mapping restriction (e.g. the smaller PUSCH duration) is prioritized. A procedure example is depicted in Figure 3.


[bookmark: _Ref692798]Figure 3: CG/DG prioritization based on LCP channel mapping restriction parameter(s) (PUSCH duration taken here as an example)
Of course combinations of the above solutions are not precluded.
Proposal 3: RAN2 should study the following types of solutions in support of scenario 2:
· Some configured grants, if not skipped, always take priority over the dynamic grant. By configuration or specification.
· LCH-priority based solutions
· Channel mapping restriction based solutions
· Combination(s) of the above
2.3 Scenario 3: Intra-UE UL Prioritization - Resource Conflict between Dynamic Grants
As discussed in [2], in this scenario, UE follows the NW instruction to preempt the previous transmission, i.e. no UE autonomous selection of which PUSCH to prioritize is foreseen. Hence no specific prioritization solution needs to be studied in RAN2.
Proposal 4:  No specific prioritization solution needs to be studied for scenario 3 in RAN2.
2.4 Scenario 4: Intra-UE UL Prioritization – Resource Conflict between Control Information and Control Information
As discussed in [2] the only collision cases potentially requiring UE to run any prioritization rule are:
· Case 2: Resource Conflict between HARQ feedback and HARQ feedback.
· Case 3: Resource Conflict between SR and HARQ feedback.
We also concluded in [2] that any prioritization rule in the UE for dropping one of the colliding UCIs in the above cases should only be studied in RAN2 if RAN1 assesses that colliding DL HARQ-ACK reports or colliding DL HARQ-ACK and SR associated with URLLC LCHs cannot be multiplexed on PUCCH as in Rel-15 without compromising the reliability of the UCI transmission of that URLLC LCH.
Proposal 5: RAN2 does not discuss prioritization rules in the UE for dropping one of the colliding signals for both DL HARQ-ACK / DL HARQ-ACK and DL HARQ-ACK / SR collision scenarios until RAN1 assesses that such UCIs, when associated with URLLC LCHs, cannot be multiplexed on PUCCH as in Rel-15 without compromising the reliability of the URLLC UCI transmission.
2.5 Scenario 5: Intra-UE UL Prioritization – Resource Conflict between Control Information and Data.
In our contribution [2], we distinguished 5 different sub-scenarios of resource conflicts between control information and data. We address each of them below by considering both priority-based and channel mapping based restriction solutions.
Scenario 5-a: colliding PUSCH and PUCCH-SR
Priority-based solutions:
Similar to solution 2-b for scenario 2, the priority of the SR transmission would be compared with either the highest priority of the LCHs multiplexed by LCP in the PUSCH transmission, or with a generic, UE-specific priority threshold priorityThreshold, commonly used for all prioritization rules. It seems straightforward that the priority of an SR transmission on PUCCH is simply determined by the priority of the LCH that triggered the BSR which, in turn, triggered the SR.
Channel mapping restriction based solutions:
Channel mapping restrictions can be used for deciding whether to embed the BSR in the PUSCH transmission or to cancel the PUSCH and send the PUCCH-SR instead, in a similar way as SR triggering is filtered in Rel-15 depending on whether the resources of an upcoming UL-SCH meet the LCP mapping restrictions configured for the logical channel that triggered the BSR [TS38.321]. This assumes the SR was triggered before the MAC PDU of the PUSCH transmission was assembled, otherwise the BSR can only be sent as a follow-up of an SR procedure initiated either in preemption of the current PUSCH transmission or after it, in which case both the latency and reliability criterions for sending the BSR are under scheduler control, upon receiving the SR [2]. 
In this case (SR triggered before MAC PDU assembly), it is interesting to check the influence of the various LCP channel mapping restriction parameters:
· allowedSCS-List: this parameter does not have any impact on the BSR transmission, hence it should play no role in the prioritization;
· maxPUSCH-Duration: as shown in [2], there is no case where the SR procedure can be faster than transmitting a single-slot PUSCH. Hence maxPUSCH-Duration should play no role in the prioritization for that case. And regarding the multi-slot PUSCH, maxPUSCH-Duration is also useless since it only characterizes the duration of a single PUSCH transmission of a bundle;
· configuredGrantType1Allowed: a BSR can be included in any PUSCH irrespective of whether it is a configured grant or not, hence the grant type should play no role in the prioritization;
· (New, see Section 2.1) maxMCS: a BSR may not be allowed to be included in a PUSCH transmission if the PUSCH MCS does not meet the reliability criterion of the LCH that triggered the BSR, in which case sending a PUCCH-SR can be more reliable.
From the above it results that current existing Rel-15 LCP channel mapping restriction parameters play no role in the prioritization of scenario 5-a, only the new proposed reliability parameter does.
Proposal 6: RAN2 should study the following types of solutions in support of scenario 5-a (PUSCH/PUCCH-SR):
· LCH-priority based solutions
· Channel mapping restriction based solutions focusing on reliability criterion
· Combination(s) of the above
Proposal 7: The priority of an SR transmission on PUCCH is determined by the priority of the LCH that triggered the BSR which, in turn, triggered the SR.
Scenario 5-b: Resource Conflict between PUSCH and HARQ-ACK on PUCCH
Priority-based solutions:
Similar to solution 2-b for scenario 2, the priority of the HARQ-ACK report would be compared with either the highest priority of the LCHs multiplexed by LCP in the PUSCH transmission, or with a generic, UE-specific priority threshold priorityThreshold, commonly used for all prioritization rules. It can be FFS how to determine the priority of an HARQ-ACK report, but one simple solution is that it is set to the highest priority of the LCHs multiplexed in the DL transport block the HARQ-ACK is associated to, provided the priority of a DL LCH is mapped to the priority of the associated UL LCH for bidirectional LCH (RLC-AM).
Channel mapping restriction based solutions:
When HARQ feedback is on PUCCH, there is no “mapping” issue because NW has done the right job to map DL HARQ feedback on an appropriate PUCCH resource (e.g. short PUCCH if it is for a DL TB carrying URLLC traffic). But when such PUCCH collides with a PUSCH, the PUSCH duration and reliability may be too loose to accommodate HARQ round-trip feedback of IIoT traffic.
Then, similar to above priority-based solutions, channel mapping based solutions require determining the channel mapping restriction of a DL HARQ feedback, when reported on PUSCH. And similarly, the channel mapping restriction of a DL HARQ-ACK report can be set to the most restrictive (e.g. in terms of PUSCH duration, reliability) DL HARQ feedback mapping restrictions of the LCHs multiplexed in the DL TB the HARQ ACK is associated to. And the DL HARQ feedback mapping restrictions of a bidirectional LCH (RLC-AM) can be set equal to the LCP mapping restrictions of the associated UL LCH.
Proposal 8: RAN2 should study the following types of solutions in support of scenario 5-b (PUSCH/HARQ-ACK):
· LCH-priority based solutions
· Channel mapping restriction based solutions
· Combination(s) of the above
Proposal 9: The priority of an HARQ-ACK report is set to the highest priority of the LCHs multiplexed in the DL transport block the HARQ-ACK is associated to.
Proposal 10: The priority of a DL LCH is mapped to the priority of the associated UL LCH for bidirectional LCH (RLC-AM). FFS DL unidirectional LCHs.
Proposal 11: The channel mapping restriction of a DL HARQ-ACK report is set to the most restrictive (e.g. in terms of PUSCH duration, reliability) DL HARQ feedback mapping restrictions of the LCHs multiplexed in the DL TB the HARQ ACK is associated to.
Proposal 12: The DL HARQ feedback mapping restrictions of a bidirectional LCH (RLC-AM) is equal to the LCP mapping restrictions of the associated UL LCH. FFS DL unidirectional LCHs.
Scenario 5-c: Resource conflict between PUCCH and PUSCH where PUCCH carries both SR and HARQ-ACK
Proposal 13: RAN2 should study prioritization solutions for handling resource conflict between PUCCH and PUSCH where PUCCH carries both SR and HARQ-ACK based on the solutions derived from scenarios 5-a and 5b.
Scenario 5-d: Prioritization of UL-SCH over MAC CEs in MAC PDU
This scenario addresses the case of a collision of URLLC UL-SCH data and MAC CE in the same grant [2][3]. Clearly channel mapping restriction plays no role in this scenario since if the grant didn’t meet the channel mapping requirements of the URLLC LCH, no UL-SCH data from that LCH would be included in the grant, thus no collision would occur. As a result, only priority-based solution makes sense for this scenario. Moreover, when comparing priorities, it might be tricky to assess what priority should be associated with some MAC CEs unrelated to any LCH e.g. PHR. Therefore the single UE-specific priority threshold priorityThreshold also discussed for the other above scenarios could be a good and simple solution for addressing this scenario: if the priority of the LCH multiplexed by LCP in the UL grant is higher than this priorityThreshold, its UL-SCH data takes priority over the MAC CE(s), otherwise, the other way around.
Proposal 14: RAN2 should study the LCH-priority based solutions in support of scenario 5-d (URLLC UL-SCH/MAC CE).

3. Conclusion
In this contribution, we gave a first look at the potential solutions for addressing the five Intra-UE Prioritization and Multiplexing scenarios identified in [1] and further analyzed in [2]. Associated proposals are as follows:
Proposal 1: The LCP channel mapping restrictions should include a new parameter addressing the reliability constraint of URLLC traffic.
Proposal 2: RAN2 waits for RAN1 to conclude on which, from above solutions 1a or 1b, is preferred from PHY perspective before working on the MAC impacts (if any).
Proposal 3: RAN2 should study the following types of solutions in support of scenario 2:
· Some configured grants, if not skipped, always take priority over the dynamic grant. By configuration or specification.
· LCH-priority based solutions
· Channel mapping restriction based solutions
· Combination(s) of the above
Proposal 4:  No specific prioritization solution needs to be studied for scenario 3 in RAN2.
Proposal 5: RAN2 does not discuss prioritization rules in the UE for dropping one of the colliding signals for both DL HARQ-ACK / DL HARQ-ACK and DL HARQ-ACK / SR collision scenarios until RAN1 assesses that such UCIs, when associated with URLLC LCHs, cannot be multiplexed on PUCCH as in Rel-15 without compromising the reliability of the URLLC UCI transmission.
Proposal 6: RAN2 should study the following types of solutions in support of scenario 5-a (PUSCH/PUCCH-SR):
· LCH-priority based solutions
· Channel mapping restriction based solutions focusing on reliability criterion
· Combination(s) of the above
Proposal 7: The priority of an SR transmission on PUCCH is determined by the priority of the LCH that triggered the BSR which, in turn, triggered the SR.
Proposal 8: RAN2 should study the following types of solutions in support of scenario 5-b (PUSCH/HARQ-ACK):
· LCH-priority based solutions
· Channel mapping restriction based solutions
· Combination(s) of the above
Proposal 9: The priority of an HARQ-ACK report is set to the highest priority of the LCHs multiplexed in the DL transport block the HARQ-ACK is associated to.
Proposal 10: The priority of a DL LCH is mapped to the priority of the associated UL LCH for bidirectional LCH (RLC-AM). FFS DL unidirectional LCHs.
Proposal 11: The channel mapping restriction of a DL HARQ-ACK report is set to the most restrictive (e.g. in terms of PUSCH duration, reliability) DL HARQ feedback mapping restrictions of the LCHs multiplexed in the DL TB the HARQ ACK is associated to.
Proposal 12: The DL HARQ feedback mapping restrictions of a bidirectional LCH (RLC-AM) is equal to the LCP mapping restrictions of the associated UL LCH. FFS DL unidirectional LCHs.
Proposal 13: RAN2 should study prioritization solutions for handling resource conflict between PUCCH and PUSCH where PUCCH carries both SR and HARQ-ACK based on the solutions derived from scenarios 5-a and 5b.
Proposal 14: RAN2 should study the LCH-priority based solutions in support of scenario 5-d (URLLC UL-SCH/MAC CE).
4. Reference
[1] [bookmark: OLE_LINK1][bookmark: _Ref528439][bookmark: _Ref524946288][bookmark: _Ref520128274][bookmark: _Ref525116079]R2-1818797, TP on Intra-UE Prioritization Scenarios, Nokia, Nokia Shanghai Bell, 3GPP RAN2#104
[2] [bookmark: _Ref528042]R2-1900155, Scenarios Analysis for Intra-UE Prioritization and Multiplexing, CATT
[3] [bookmark: _Ref528519]R2-1816364, Intra-UE Prioritization and Multiplexing for IIoT, CATT, 3GPP TSG RAN WG2#104
[4] [bookmark: _Ref534616720]TR 22.804, Study on Communication for Automation in Vertical Domains, Release 16.


7
R2-1900156
oleObject1.bin
PDCCH1


1st K0


PDCCH2


2nd K0


PDCCH1


1st K0


2nd K0


PDCCH2


PDSCH1-Latency non-sensitive Traffic


t


t


Case 1


Case 2


PDSCH2-Latency sensitive Traffic



image2.emf
RRC configuration:

-priorityThreshold

-Priority(LCH

n

) = p

n

-CG

i

ó

LCH

n

association

CG

i

collides with DG

p

n 

> 

priorityThreshold?

Prioritize 

configured grant

Prioritize 

dynamic grant

Y

N


oleObject2.bin
�

RRC configuration:
- priorityThreshold
- Priority(LCHn) = pn
- CGi ó LCHn association


CGi collides with DG


pn > priorityThreshold?


Prioritize configured grant


Prioritize dynamic grant


Y


N



image3.emf
Dynamic grant for 

initial transmission

Configured grant

LCP

LCP

d

dg

 = DG PUSCH 

duration

d

cg

= CG PUSCH 

duration

d

dg 

> d

cg

?

Prioritize 

configured grant

Prioritize 

dynamic grant

Y

N

Any LCH?

Y

Any LCH?

Y

N

N


oleObject3.bin
�

Any LCH?


Dynamic grant for initial transmission


Configured grant


Y


LCP


LCP


Any LCH?


ddg = DG PUSCH duration
dcg = CG PUSCH duration


ddg > dcg?


Y


Prioritize configured grant


Prioritize dynamic grant


Y


N


N


N



image1.emf
PDCCH1

1

st

K

0

PDCCH2

2

nd

K

0

PDCCH1

1

st

K

0

2

nd

K

0

PDCCH2

t

t

PDSCH1-Latency non-sensitive Traffic

Case 1

Case 2

PDSCH2-Latency sensitive Traffic


