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1 Introduction

Objectives for NR intra-UE prioritization/multiplexing in IIoT WID RP-190728 are copied below.
	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].

· 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].


This paper is about the highlighted part above focusing on a basic aspect of when MAC should carry out conflict resolution between dynamic grant (DG) overlapping a configured grant (CG) and some related considerations (e.g., PUSCH preparation timeline), and when should PHY do the conflict resolution.

2 Dynamic grant overlapping a configured grant: use cases
In Rel-15, if a dynamic grant is scheduled in the same slot and serving cell as a configured grant, the dynamic grant always overrides the configured grant. Rel-16 enhancements would allow prioritizing a configured grant over a dynamic grant. In this section, we consider cases where such a prioritization can be helpful.

The table below lists use cases based on combinations of priority of traffic associated with CG/DG and CG traffic characteristics (periodic/aperiodic). Some remarks:

· Network may view URLLC traffic as high priority traffic compared to MBB traffic. Grants may be tailored for the priority of the traffic. For instance, grants for URLLC traffic may have shorter PUSCH duration (for low latency) and lower MCS (for reliability).
· For a UE with aperiodic/infrequent uplink URLLC traffic, a configured grant with short period and high reliability (using a high-reliability MCS table) may be useful to avoid the need for an SR and associated latency.
	#
	Priority of DG traffic
	Priority of CG traffic
	CG traffic characteristics
	Desired behavior
	Comments

	1
	High
	Low
	Any
	Prioritize DG
	Rel-15 behavior is sufficient

	2
	Low
	High
	Periodic
	Prioritize CG
	Rel-15 behavior is sufficient, since gNB can avoid overlap of the DG (for low priority traffic) with CG (for high priority traffic)

	3
	Low
	High
	Aperiodic/infrequent
	Prioritize CG only if there is data available for sending using CG
	Rel-15 behaviour is not sufficient and an enhancement may be useful

	4
	High
	High
	Any
	
	Use Rel-15 baseline, evaluate need for any enhancements

	5
	Low
	Low
	Any
	
	Prefer no change to Rel-15 given traffic priority is low

	
	
	
	
	
	


Based on the table above, we can see that prioritizing a configured grant (CG) over a dynamic grant (DG) can be useful when DG is for low priority traffic and CG is for a high priority URLLC traffic that is aperiodic/infrequent. For other use cases, Rel-15 behavior is sufficient.
Observation 1: Prioritizing a configured grant (CG) over a dynamic grant (DG) may be useful when DG is for low priority traffic and CG is for high priority URLLC traffic that is aperiodic/infrequent. For other use cases, Rel-15 behaviour is sufficient.
3 Resolving conflicts between DG and CG: Principles
Due to low latency expectations associated with URLLC traffic, dynamic grant for URLLC traffic should be delayed as little as possible, irrespective of whether it is conflicting with a configured grant or not. This translates into ensuring that conflict resolution introduces minimal additional delay in PUSCH preparation time (between associated grant reception and PUSCH transmission),
Proposal 1: Conflict resolution principle: solution should minimize any additional delays for grants (e.g., PUSCH preparation time) for URLLC traffic.
While changes to Rel-15 behavior are unavoidable to allow configured grants to be prioritized in favor of dynamic grants under certain conditions, such changes should be minimized as much as possible to reduce implementation effort. This is especially relevant given that Rel-15 behavior can address many use cases for conflicts between DG and CG (as discussed in previous section).
Proposal 2: Conflict resolution principle: solution should focus on cases where Rel-15 behaviour is inadequate.
4 Timeline considerations

4.1 Some aspects of PUSCH preparation
4.1.1 PUSCH preparation and timeline
A gNB has to ensure a minimum time duration between DCI scheduling a PUSCH and the PUSCH transmission. This allows a UE enough time for PUSCH preparation. 

RAN1 specifies timeline associated with the PUSCH preparation time. In particular, Section 6.4 of TS 38.214 discusses time N2 between last symbol of DCI scheduling a PUSCH and first symbol of the PUSCH. The section from TS 38.214 is copied below.
	6.4
UE PUSCH preparation procedure time

If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting 
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after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 

-
N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].

-
If the first symbol of the PUSCH allocation consists of DM-RS only, then d2,1 = 0, otherwise d2,1 = 1. 

-
If the HARQ-ACK is multiplexed on PUSCH, then d2,2 = 1, otherwise d2,2 = 1.

-
If the UE is configured with multiple active component carriers, the first uplink symbol in the PUSCH allocation further includes the effect of timing difference between component carriers as given in [11, TS 38.133]. 

-
If the scheduling DCI triggered a switch of BWP, d2,3 equals to the switching time as defined in [11, TS 38.133], otherwise d2,3=0.

Otherwise the UE may ignore the scheduling DCI. 

The value of 
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 is used both in the case of normal and extended cyclic prefix.

Table 6.4-1: PUSCH preparation time for PUSCH timing capability 1
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Table 6.4-2: PUSCH preparation time for PUSCH timing capability 2
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Note that the PUSCH preparation timeline can be very tight (which is useful for URLLC traffic) and can be as low as 5.5 symbols (SCS=30 kHz) for capability 2. 
Observation 2: PUSCH preparation time (time between grant and associated transmission) has a well-defined timeline and can be as low as 5.5 symbols (SCS=30 kHz) for capability 2.
4.1.2 PUSCH preparation with UCI multiplexing: UCI multiplexing dependence on grant characteristics
Even though RAN2’s focus is on conflicts between a DG and a CG, the DG or the CG could overlap with a PUCCH. If PUCCH overlaps a PUSCH, any UCI for the PUCCH has to be sent over the PUSCH. 
In the rest of the section, we emphasize two key aspects of UCI multiplexing:

· The multiplexing of UCI into a PUSCH depends on characteristics of the PUSCH’s grant. 
· Some operations related to multiplexing of UCI into a PUSCH can begin without associated TB.
The two aspects become evident by going over the steps in the process of UCI multiplexing listed in table below.
Table 1 Steps for multiplexing UCI into a PUSCH
	Step #
	Description
	Requires knowledge of PUSCH’s grant characteristics
	Can be done without PUSCH’s TB from MAC

	0
	Identify UCI that needs to be multiplexed to a PUSCH


	NO
	YES

	1.1
	Preparation for UCI encoding (e.g., determine number of coded modulation symbols for UCI)

[TS 38.212, Section 6.3.2.4]
	YES
See discussion in 
Annex 6.1.1
	YES

	1.2
	UCI encoding [TS 38.212, 6.3.2.3]
	YES

See discussion in 
Annex 6.1.2
	YES

	2.1
	UCI to Resource Element mapping [TS 38.212, 6.2.7]
	YES

See discussion in 
Annex 6.1.3
	YES

	2.2
	Data to Resource Element mapping
	YES
	NO

	3
	PHY layer procedures for PUSCH transmission (modulation, layer mapping, precoding, etc)
	YES
	NO

	
	
	
	


The above table clarifies the following:

· Multiplexing of UCI into a PUSCH depends on characteristics of the PUSCH’s grant: note that even initial steps like UCI encoding (step 1.1 and step 1.2) depend on grant characteristics of PUSCH (that the UCI is being multiplexed into). To better explain this dependence on grant characteristics, we need to delve into related RAN1-centric aspects and this discussion has been moved to the annex (Annex 6.1). An important consequence of this is that even initial steps in multiplexing of UCI into a PUSCH cannot be done without knowledge of characteristics of the PUSCH’s grant.
· Some operations related to multiplexing of UCI into a PUSCH can begin without associated TB: operations involved in UCI multiplexing into a PUSCH like UCI encoding (step 1.1 and step 1.2) and resource mapping (step 2.1) can be done without waiting for the TB associated with the PUSCH. We refer to these steps as ‘UCI multiplexing preparation’ (or ‘UCI mux prep’ in figures). Thus, a UE can work on UCI multiplexing preparation without waiting for MAC to provide a TB (and thus save time for other operations after MAC provides TB).
We reiterate the two takeaways from the above discussion above: 
Observation 3: The multiplexing of UCI into a PUSCH depends on characteristics of the PUSCH’s grant. Further, even initial steps in multiplexing of UCI into a PUSCH cannot be done without knowledge of characteristics of the PUSCH’s grant.
Observation 4: Some operations related to multiplexing of UCI into a PUSCH can begin without associated TB. Hence, a UE can work on UCI multiplexing preparation without waiting for MAC to provide a TB (and thus save time to perform other operations after MAC provides TB).
4.2 Timeline challenges of preparing PUSCH for a dynamic grant overlapping a configured grant
4.2.1 Timeline impact due to complex conflict resolution
Here we discuss example in figure below to show that a complex conflict resolution rule can impact PUSCH preparation timeline. 
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Figure 1 Example: Scenario 2, ie, DG overlapping with a CG
For the example above, the figure below illustrates sample PHY-MAC processing timeline.
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Figure 2 Impact of collision resolution timeline on PUSCH preparation timeline
The main takeaway from the processing timeline above is that a complex conflict resolution rule can introduce delays. These delays even if small can result in not meeting N2 timeline (as shown in figure above) given that N2 has been tailored in Rel-15 to be as short as possible.
Observation 5: if MAC (or PHY) resolves conflicts between a DG and CG using a complex rule, conflict resolution can impact PUSCH preparation timeline of a dynamic grant for URLLC.
4.2.2 Timeline impact due to UCI multiplexing
To discuss timeline challenges arising due to UCI multiplexing for preparing PUSCH for a dynamic grant overlapping a configured grant, we consider the example in figure below. It falls under scenario 2 and 5 identified during SI phase.
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Figure 3 Example: Scenario 2 and 5, ie, DG overlapping with a CG and PUCCH
For the example above, the figure below illustrates sample PHY-MAC processing timeline.
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Figure 4 Timeline issues if PHY cannot identify/prioritize high priority dynamic grant
The above figure shows that UCI multiplexing of a dynamic grant overlapping configured grant can be delayed by UCI multiplexing for configured grant if PHY does not know whether the dynamic grant is to be prioritized. This is because UCI multiplexing (by PHY) for dynamic grant starts only after MAC informs PHY about conflict resolution outcome. Note that in the Rel-15 timeline, UCI multiplexing for DG can begin without sooner since DG is always prioritized over CG in Rel-15. Thus, reliance on MAC for conflict resolution can introduce delays when UCI multiplexing is involved. This delay is especially important to be considered when dynamic grant is for URLLC (and N2 can be as low as 5.5 symbols).
Observation 6: if PHY cannot determine whether to prioritize a dynamic grant without MAC assistance, UCI multiplexing for a dynamic grant for URLLC traffic can be delayed by UCI multiplexing for an overlapping configured grant for low priority traffic.
Following is a corollary of above observation for URLLC for which PUSCH timing capability 2 values as low as 5.5 symbols (discussed in Section 4.1.1) are applicable:

Observation 7: if PHY cannot determine whether to prioritize a dynamic grant without MAC assistance, UCI multiplexing delay will impact PUSCH preparation timeline of dynamic grant for URLLC.

Parallel processing of UCI for CG and DG can help reduce timeline impact as shown in figure below, though this require doubling of peak processing power.
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Figure 5 Lesser timeline impact with parallel processing
4.2.3 Timeline impacts: Summary

The main takeaway of discussion in Sections 4.2.1 and 4.2.1 is given below.
Observation 8: PUSCH preparation timeline impact will be smaller if PHY can at least quickly identify and prioritize a dynamic grant for URLLC traffic without MAC assistance.

4.3 A solution with minimal timeline impacts
In this section, we suggest the following solution that can address the timeline issues discussed in previous sections. With this solution, different behaviours can be achieved in use cases 1 and 3 discussed in Section 2, thereby overcoming limitation of Rel-15 behaviour.
Proposed solution: On detecting a dynamic grant that conflicts (i.e., overlaps in time on the same serving cell) with a configured grant, UE does the following:

· If PHY determines that dynamic grant is for high priority (e.g., URLLC) traffic based on a Rel-15 or Rel-16 field in DCI, 
· PHY prioritizes the dynamic grant (ie, Rel-15 behaviour).

· Else,
· UE prioritizes the dynamic grant except if CG is for high priority traffic and if there is data available to be sent using the CG.
Following figure shows the timeline for a high priority dynamic grant when using the above solution. Note that unlike in Figure 4, PHY is immediately able to interrupt UCI multiplexing preparation for CG on detecting a high priority dynamic grant and this reduces timeline impacts substantially.
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5 Conclusions
The observations in this paper lead to the following high level observation:

Observation 9: Main benefits of allowing PHY to at least identify and prioritize a dynamic grant for URLLC traffic without MAC assistance are the following:

· Lower latency for preparing the PUSCH associated with dynamic grant,

· Low complexity, 
· Minimal changes to Rel-15 behaviour.
Based on the observation, we propose the following.
Proposal 3: RAN2 should consider a solution which allows PHY to at least identify and prioritize a dynamic grant for URLLC traffic without MAC assistance.
6 Annex

6.1 UCI multiplexing: dependence on grant characteristics
6.1.1 Preparation for UCI encoding: dependence on grant characteristics
The following excerpt from TS 38.212 highlights the dependence of UCI encoding preparation (specifically rate matching) on grant characteristics. For instance, the initial highlighted parts in the excerpt show that number of coded modulation symbols for UCI depends on number of PUSCH symbols (which in turn depends on information in associated grant/DCI).
	6.3.2.4
Rate matching
6.3.2.4.1
UCI encoded by Polar code
6.3.2.4.1.1
HARQ-ACK
For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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-
if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the 
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For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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The input bit sequence to rate matching is 
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The output bit sequence after rate matching is denoted as 
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6.3.2.4.1.2
CSI part 1
For CSI part 1 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as 
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For CSI part 1 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as 
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 is the code block number, and 
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The output bit sequence after rate matching is denoted as 
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6.3.2.4.1.3
CSI part 2
For CSI part 2 transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as 
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-
if 
[image: image134.wmf]CSI-2

360

O

³

, 
[image: image135.wmf]CSI-2

11

L

=

; otherwise 
[image: image136.wmf]CSI-2

L

 is the number of CRC bits for CSI part 2 determined according to Subclause 6.3.1.2.1;
-

[image: image137.wmf]part2

-

CSI

offset

PUSCH

offset

b

b

=

;
-

[image: image138.wmf]SCH

UL

-

C

 is the number of code blocks for UL-SCH of the PUSCH transmission;
-
if the DCI format scheduling the PUSCH transmission includes a CBGTI field indicating that the UE shall not transmit the 
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, in the PUSCH transmission and 
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for any OFDM symbol that carries DMRS of the PUSCH, 
[image: image153.wmf](

)

UCI

sc

0

Ml

=

;
-
for any OFDM symbol that does not carry DMRS of the PUSCH, 
[image: image154.wmf](

)

(

)

UCIPUSCHPT-RS

scscsc

MlMMl

=-

.
-

[image: image155.wmf]a

 is configured by higher layer parameter scaling.
For CSI part 2 transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as 
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for any OFDM symbol that carries DMRS of the PUSCH, 
[image: image168.wmf](

)

UCI

sc

0

Ml

=

;
-
for any OFDM symbol that does not carry DMRS of the PUSCH, 
[image: image169.wmf](

)

(

)

UCIPUSCHPT-RS

scscsc

MlMMl

=-

.
The input bit sequence to rate matching is 
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 is the code block number, and 
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 is the number of coded bits in code block number 
[image: image173.wmf]r

. 
Rate matching is performed according to Subclause 5.4.1 by setting 
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The output bit sequence after rate matching is denoted as 
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6.3.2.4.2
UCI encoded by channel coding of small block lengths
6.3.2.4.2.1
HARQ-ACK
For HARQ-ACK transmission on PUSCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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The input bit sequence to rate matching is 
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Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length 
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The output bit sequence after rate matching is denoted as 
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6.3.2.4.2.2
CSI part 1
For CSI part 1 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 1 transmission, denoted as 
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Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length 
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The output bit sequence after rate matching is denoted as 
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6.3.2.4.2.3
CSI part 2
For CSI part 2 transmission on PUSCH, the number of coded modulation symbols per layer for CSI part 2 transmission, denoted as 
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Rate matching is performed according to Subclause 5.4.3, by setting the rate matching output sequence length 
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The output bit sequence after rate matching is denoted as 
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6.1.2 UCI encoding: dependence on grant characteristics

The following excerpt from TS 38.212 highlights the dependence of UCI encoding on grant characteristics.
	6.3.2.3
Channel coding of UCI

6.3.2.3.1
UCI encoded by Polar code

Channel coding is performed according to Subclause 6.3.1.3.1, except that the rate matching output sequence length  
[image: image202.wmf]r
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 is given in Subclause 6.3.2.4.1. 
6.3.2.3.2
UCI encoded by channel coding of small block lengths

Information bits are delivered to the channel coding block. They are denoted by 
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 is the number of bits.

The information bits are encoded according to Subclause 5.3.3.

After encoding the bits are denoted by 
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, where 
[image: image206.wmf]N

 is the number of coded bits.


Note that the highlighted part above is pointing Subclause 6.3.2.4.1 of TS 38.212 which was discussed in Annex 6.1.1 and shown to have dependence on grant characteristics. 

6.1.3 UCI to Resource Element mapping: dependence on grant characteristics

The following excerpt from TS 38.212 highlights the dependence of UCI to resource element mapping on grant characteristics. 
	6.2.7
Data and control multiplexing

Denote the coded bits for UL-SCH as 
[image: image207.wmf]SCH

UL

1

SCH

UL

3

SCH

UL

2

SCH

UL

1

SCH

UL

0

SCH

UL

,...,

,

,

,

-

-

-

-

-

-

-

G

g

g

g

g

g

.

Denote the coded bits for HARQ-ACK, if any, as 
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Denote the coded bits for CSI part 1, if any, as 
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Denote the coded bits for CSI part 2, if any, as 
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Denote the multiplexed data and control coded bit sequence as 
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Denote 
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 as the OFDM symbol index of the scheduled PUSCH, starting from 0 to 
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Denote 
[image: image215.wmf]k

 as the subcarrier index of the scheduled PUSCH, starting from 0 to 
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Denote 
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 as the set of resource elements, in ascending order of indices 
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Denote 
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Denote 
[image: image227.wmf]UCI
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 as the set of resource elements, in ascending order of indices 
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, available for transmission of UCI in OFDM symbol 
[image: image229.wmf]l

, for 
[image: image230.wmf]1

...,

 

,

2

 

,

1

 

,

0

PUSCH

all

symb,

-

=

N

l

. Denote 
[image: image231.wmf](

)

UCIUCI

sc

l

Ml

=F

 as the number of elements in set 
[image: image232.wmf]UCI

l

F

. Denote 
[image: image233.wmf](

)

UCI

l

j

F

 as the 
[image: image234.wmf]j

-th element in 
[image: image235.wmf]UCI

l

F

. For any OFDM symbol that carriers DMRS of the PUSCH, 
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If frequency hopping is configured for the PUSCH, 

-
denote 
[image: image238.wmf])
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the first hop;
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denote 
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the second hop. 

-
denote 
[image: image240.wmf](1)
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;

-
denote 
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second hop;
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if HARQ-ACK is present for transmission on the PUSCH with UL-SCH, let 
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-
if CSI is present for transmission on the PUSCH with UL-SCH, let 
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-
if only HARQ-ACK and CSI part 1 are present for transmission on the PUSCH without UL-SCH, let 
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if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 
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if the number of HARQ-ACK information bits is more than 2,
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 if the number of HARQ-ACK information bits is no more than 2, and 
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-
if CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let 

-

[image: image261.wmf](

)

(

)

CSI-part1CSI-part1ACK

1

(1)min/2 , (1)

LmLmLmrvd

GNQGNQMNQG

êú

=××××××-

ëû

;

-

[image: image262.wmf])

1

(

)

2

(

part1

-

CSI

part1

-

CSI

part1

-

CSI

G

G

G

-

=

;

-

[image: image263.wmf])

1

(

)

1

(

part1

-

CSI

1

part2

-

CSI

G

Q

N

M

G

m

L

-

×

×

=

; and

-

[image: image264.wmf])

2

(

)

2

(

part1

-

CSI

2

part2

-

CSI

G

Q

N

M

G

m

L

-

×

×

=

;

-
let 
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-

[image: image268.wmf]L

N

 is the number of transmission layers of the PUSCH;

-
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If frequency hopping is not configured for the PUSCH, 

-
denote 
[image: image273.wmf])
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS;

-
denote 
[image: image274.wmf](1)
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;

-
if HARQ-ACK is present for transmission on the PUSCH, let 
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-
if CSI is present for transmission on the PUSCH, let 
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The multiplexed data and control coded bit sequence 
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Step 1:

Set 
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if the number of HARQ-ACK information bits to be transmitted on PUSCH is 0, 1 or 2 bits

the number of reserved resource elements for potential HARQ-ACK transmission is calculated according to Subclause 6.3.2.4.1.1, by setting 
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denote 
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if frequency hopping is configured for the PUSCH, let 
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if frequency hopping is not configured for the PUSCH, let 
[image: image293.wmf]ACKACK

rvdrvd

(1)

GG

=

;

denote 
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end if

Denote 
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Step 2:

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is more than 2, 
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Step 3:

if CSI is present for transmission on the PUSCH,
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