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Introduction
[bookmark: _Ref129681832]In TSG-RAN#81 plenary meeting [1], the updated SID on NR industrial internet of things was approved with one of the objectives as below:
b) [bookmark: _Hlk523733459]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
i. different latency and reliability requirements
ii. Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
The contribution mainly provides our views on the RAN1 impacts from DL/UL intra-UE prioritization and multiplexing.
UL intra-UE multiplexing
Data Multiplexing 
Multiplexing between grant based eMBB and URLLC: Out of order HARQ
TS 38.214 [2] has the following description:
“A UE shall upon detection of a PDCCH with a configured DCI format 0_0 or 0_1 transmit the corresponding PUSCH as indicated by that DCI. For any two HARQ process IDs in a given cell, if the UE is scheduled to start a PUSCH transmission in symbol j by a PDCCH in symbol i, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than symbol j by a PDCCH starting later than symbol i.”
According the above standard specification, if the HARQ ID 0 in Figure 1 is scheduled for eMBB traffic and the URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, URLLC traffic with HARQ ID 1 has to be transmitted after PUSCH for eMBB, however the duration of eMBB PUSCH will be probably up to 1ms which may be beyond the latency boundary of URLLC packet, thus it may be not tolerable for URLLC traffic. 
In order to avoid introducing additional UE processing capability and additional UE implementation complexity, eMBB PUSCH can be dropped.
 
Figure 1. Out-of-Order HARQ for PUSCH
Based on above discussion, the HARQ/scheduling limitation should be removed from the UE having URLLC and eMBB traffic.
Proposal 1: The scheduling/HARQ scheduling enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A, and drop the eMBB PUSCH.
Grant based and grant free intra-UE multiplexing 
In Rel-15, GB PUSCH is prioritized over GF PUSCH in the MAC layer process. That is, for a configured grant which is activated and to be processed, if this configured grant collides with a dynamic grant, then the MAC entity will not process the configured grant, e.g., drop this grant or postpone it until the end of dynamic PUSCH transmission. Herein, two grant collides means that the PUSCHs linked to these two grants overlap in time. This agreement follows the usual priority rule of scheduled transmission prioritized over configured transmission, but is actually unfriendly to URLLC UL transmission. Note that, in many cases GF PUSCH may be more suitable and/or required to carry URLL data to achieve URLLC stringent latency requirement, as GB PUSCH may violate the maxPUSCH-Duration restriction of logical channels bearing URLLC data because of time spending on UL granting procedure. In a consequence, deprioritizing GF PUSCH when overlapping with GB PUSCH will incur extra latency for URLLC data transmission in Figure 2. Moreover, if the time permits, GB PUSCH with a short duration and small MCS requiring large BW may be used to carry the potential URLLC data. However, this unavoidably results in inefficient resource utilization for eMBB transmission which normally uses GB PUSCH. As a result, prioritizing GB PUSCH over GF PUSCH is not a preferable method.

[bookmark: _Ref513126121]Figure 2. Illustration of slot-based GB PUSCH overlaps with mini-slot-based GF PUSCH
During the last two meetings, many companies also proposed that GF PUSCH should have higher priority to guarantee the transmission of URLLC data. However, even if this choice secures the URLLC service, it does result in a poor resource utilization for the eMBB. The GF PUSCH resources will be densely deployed and, hence, always choosing GF PUSCH may severely impact the eMBB transmission, especially when there is no URLLC data to send. Following this choice, even if there is no URLLC data to be sent on GF PUSCH, the GB PUSCH for eMBB data transmission is still prohibited. The only option would be to use the GF PUSCH for the eMBB, but these resources are preconfigured for the characteristics of URLLC. The different target BLER settings may result in an over-protection of transmission reliability and, hence, into a very low spectrum utilization. 
Observation 1: When a UE is configured with GF URLLC traffic and eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in a very poor eMBB resource utilization, or potentially even block the eMBB traffic.
To sum up, it is inappropriate to simply define a priority between GB PUSCH and GF PUSCH when they are overlapping. In some cases it is better to have a GF transmission prioritized while in some other cases it is better with GB. The best choice is that the UE can dynamically determine whether to use a GF or GB PUSCH transmission, depending on which kinds of data are waiting for transmission and whether GB PUSCH could well accommodate the URLLC data. 
Generally speaking, the determination whether to use GB or GF transmission should be made in the MAC layer since the PHY layer is unaware of the data type arrival. In some cases, the URLLC data arrives before the GB PUSCH, and the MAC layer has enough time to select GB PUSCH or GF PUSCH for data mapping. For example, as shown in Figure 3(a), the MAC layer should choose GF PUSCH if GB PUSCH is slot-based which is inappropriate for the latency-sensitive URLLC transmission. By contrast, the MAC layer can also choose GB PUSCH to transmit URLLC data if there is enough BW for the GB PUSCH to be scheduled with with short duration and low MCS to guarantee a reliable transmission, as shown in Figure 3(b).

(a) URLLC data arrives before GB PUSCH which is slot-based

(b) URLLC data arrives before GB PUSCH and GB PUSCH has the same duration with GF PUSCH
[bookmark: _Ref513126136]Figure 3. MAC layer determination rule for UL multiplexing between GB PUSCH and GF PUSCH
Observation 2: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data does not arrive or if duration of GB PUSCH is no larger than the duration of GF PUSCH.
In other cases, URLLC data arrives during the GB PUSCH, or close to the forthcoming GB PUSCH and hence leaves insufficient time for MAC PDCU re-assembling. That is, URLLC data can only be mapped onto GF PUSCH. Then, the UE could choose to postpone the URLLC data transmission until the end of GB PUSCH or interrupt the ongoing GB PUSCH and turn to transmit URLLC data on the earliest feasible GF PUSCH resource. For latency reduction, the latter one is preferable, and this choice also coincides with the rule used for the case that GB PUSCH overlaps with GB PUSCH in the sense that the later activated grant overrides the earlier one. Note that in order to achieve this, RAN2 should relax the limitation that GF PUSCH can only be activated when it does not overlap with any GB PUSCH.

Figure 4. URLLC data arrives during the transmission GB PUSCH
Observation 3: When URLLC data arrives during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
As another alternative, the MAC layer can just process GB PUSCH and GF PUSCH with equal priority and a selection process is performed in the PHY layer. For example, the MAC layer would process each UL Grant, no matter whether a dynamic grant or a configured grant, sequentially. Then a GB PUSCH is processed, including logical channel selection, logical channel prioritization and data assembly, upon receiving the dynamic grant from the PHY layer if no other grant is processed. A GF PUSCH is processed if it is activated by a new arrival of URLLC data, no matter whether the GF PUSCH resource overlaps with a scheduled GB PUSCH or not.
Then if both GB PUSCH and GF PUSCH processed in the MAC layer with the respective MAC PDUs are sent to the PHY layer, the PHY layer must select only one channel for transmission since simultaneous transmission is not supported. For simplicity, the selection may be based on the channel types, e.g., GF PUSCH over GB, to guarantee the reliability of URLLC data.
Observation 4: If grant selection function between GB PUSCH and GF PUSCH cannot be executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.
To sum up, it is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH, and further study the possibility of dynamic grant selection for URLLC data transmission. 
Proposal 2: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process, based on which
· Study the grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grants, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time.  
UCI Multiplexing
In Rel-15, a timeline is defined for UCI multiplexing, including the first symbol of overlapping PUCCHs and/or PUSCH is N1+X away from the ending symbol of corresponding PDSCHs (if one PUCCH carries ACK/NACK) and meanwhile N2+Y away from the scheduling UL Grant (if PUCCHs overlaps with  one GB PUSCH). Meanwhile, it is required that for ACK/NACK piggyback on GB PUSCH, the scheduling UL grant must be no earlier than the scheduling DCI for ACK/NACK. Then if the timeline is satisfied, then UCI multiplexing would be implemented; and if the timeline is not satisfied, an error case occurs and no UE behave is specified. However, for URLLC UCI, it would be scheduled urgently and often requires to be fed back quickly. For example, the URLLC ACK/NACK would be scheduled on an overlapping resource with GB PUSCH which is scheduled earlier than the URLLC ACK/NACK, as shown in Figure 5(a). Similarly, the URLLC ACK/NACK would be scheduled on an overlapping resource with a configured PUCCH resource for SR or CSI which starts earlier and hence is near to the scheduling DCI of the URLLC ACK/NACK, as shown in Figure 5(b). In these cases, UE behave should be specified to guarantee the transmission of URLLC UCI.
         
(a) URLLC PUSCH overlaps with eMBB ACK/NACK   (b) URLLC AN overlaps with eMBB CSI or SR
Figure 5. Illustration for overlapping PUCCH(s) and/or PUSCH when the timeline is not satisfied
UCI Multiplexing on PUCCHs
In R15, UCIs on overlapping PUCCHs would be multiplexed and transmitted on one PUCCH if these two PUCCHs satisfies the defined timeline. However, even if the timeline is satisfied, multiplexing URLLC UCI with other UCI or data could incur extra latency or reduce the transmission reliability for URLLC UCI. For example, as shown in the left of Figure 6, PUCCH 1 is a short PUCCH carrying URLLC SR while PUCCH 2 is a long PUCCH carrying CSI. These two PUCCHs overlap with the same starting symbol, but multiplexing URLLC SR into PUCCH 2 will unavoidably cause extra latency for URLLC SR transmission, and hence delay the uplink transmission of URLLC data. Similarly, as shown in the right hand, if PUCCH 1 carries 1~2 bit URLLC ACK/NACK and is sequence-base transmission, i.e., format 0. Then multiplexing eMBB CSI into PUCCH 1 will change the format of PUCCH 1 and hence reduce the transmission reliability.  

Figure 6. Illustration for URLLC UCI multiplexing with eMBB UCI
For this end, in RAN1 #93 meeting, it is proposed in the offline discussion that if URLLC UCI could be identified, then the following two options could be down-selected to protect URLLC UCI transmission,
· Opt1: URLLC UCI is prioritized while other UCI is dropped;
· Opt2: If the timeline is satisfied, then URLLC UCI is multiplexed with other UCI; Otherwise, URLLC UCI is prioritized.
From the perspective of URLLC protection, option 1 is simple and effective. Nevertheless, it is so rough to drop other UCI directly especially when other UCI includes ACK/NACKs for many PDSCHs. In such a case, dropping these ACK/NACKs will cause lots of retransmissions and hence large resource consumption. By contrast, option 2 is not robust for URLLC UCI, and when the timeline is satisfied, multiplexing URLLC UCI with eMBB UCI would cause extra UCI transmission latency as well as reduced transmission reliability, as explained at the beginning of this part.  As a trade-off, we can start from option 2 and define some extra conditions for UCI multiplexing to guarantee the low-latency and high reliable transmission of URLLC UCI. 
Proposal 3: For URLLC UCI multiplexing with other UCI on PUCCHs, some extra conditions should be defined in addition to the current timeline to guarantee the low-latency and high reliable transmission of URLLC UCI. 
UCI multiplexing on PUSCH
· Enhancements for URLLC UCI on eMBB PUSCH
If URLLC UCI could be distinguished from eMBB UCI, then enhanced UCI piggyback methods could be designed to guarantee the low-latency and ultra-reliable URLLC UCI. Firstly, URLLC UCI and eMBB UCI could be mapped on URLLC with different mapping rules. For example, it is better to map URLLC UCI only on the first hop for latency reduction if frequency hopping is enabled for PUSCH. Meanwhile, different beta-offset values could be used for URLLC UCI and eMBB UCI to achieve different effective code rates, resulting in differentiated reliability guarantee. 
Secondly, if simultaneous URLLC UCI and eMBB UCI piggyback is supported, then separate coding and mapping for URLLC ACK/NACK and eMBB ACK/NACK is required. The same rule also applies to URLLC CSI and eMBB CSI. This makes the mapping rule more complex, and maybe the mapping and dropping order should be re-defined. By contrast, prioritizing URLLC UCI when both kinds of UCIs need for piggyback seems more simple and applicable. That is, only URLLC UCI could be mapped on PUSCH while eMBB UCI is dropped when both the corresponding PUCCHs overlap with one PUSCH.
Proposal 4: Different mapping methods should be designed for URLLC UCI and eMBB UCI piggyback on PUSCH to achieve different latency and reliability requirements. 
· Enhancements for UCI on URLLC PUSCH
As explained above, for an urgent URLLC data, PUSCH can be scheduled on an overlapping resource with ACK/NACK with a much small scheduling delay, and hence cannot satisfy the timeline requirement. In such a case, PUSCH for URLLC should be prioritized. Meanwhile, even if the timeline is satisfied, piggyback eMBB UCI on URLLC PUSCH may consume too much resource and hence reduce the transmission reliability of URLLC data. The direct solution is to drop UCI and transmit PUSCH with high priority when URLLC PUSCH could be identified. However, the UCI may be of small payload, e.g., ACK/NACK, and piggybacking this UCI would not consume much resource. Then it is expected to deliver both ACK/NACK and URLLC data with little degradation of data reliability. Besides, the UCI would even be URLLC UCI, and hence it is rough to directly drop UCI no matter the UCI payload and/or UCI type. Maybe we can design a complex rule for UCI multiplexing on URLLC PUSCH, but as an alternative effective, a dynamic disable mechanism could be designed to indicate UE not to piggyback UCI on PUSCH. This could be achieved by adding one new indicator in DCI or re-using some existing bit fields. 
Meanwhile, assuming UCI piggyback is mandatory, we can adjust the resource allocation between UCI and data through flexible selection of beta-offset values. But unfortunately, the current beta-offset values are restricted to be larger or equal to one, indicating more resources allocated to UCI and hence less protection of data. As a result, we should extend the range of current beta-offset values to include at least beta-offset < 1.
[bookmark: _GoBack]Proposal 5: It is necessary to study methods to prioritize the URLLC data transmission over the eMBB UCI when URLLC PUSCH overlaps with eMBB PUCCH. 
DL intra-UE multiplexing
Out-of-Order HARQ for PDSCH
The section 5.1 of TS 38.214 [2] has the following description:
“For any two HARQ process IDs in a given cell, if the UE is scheduled to start receiving a PDSCH in symbol j by a PDCCH starting in symbol i, the UE is not expected to be scheduled to receive a PDSCH starting earlier than symbol j with a PDCCH starting later than symbol i.”
However, as shown in Figure 7, if the HARQ ID 0 is used for eMBB traffic and the URLLC traffic arrives after the eMBB traffic using HARQ_ID 0, URLLC traffic with HARQ ID 1 has to be transmitted after PDSCH for eMBB, however the duration of eMBB PDSCH will be probably up to 1ms which may be beyond the latency boundary of URLLC packet, thus it may be not tolerable for URLLC traffic. In order to avoid introducing additional UE processing capability and additional UE implementation complexity, the eMBB PDSCH can be dropped.

Figure 7. Out-of-Order HARQ for PDSCH
Moreover, for the some cases, the URLLC traffic comes after the eMBB PDSCH transmission, and then the URLLC PDSCH using HARQ_ID 1 would be transmitted after the eMBB PDSCH using HARQ_ID 0. But according to the current HARQ-ACK operation, the URLLC HARQ feedback for the later PDSCH has to be delayed until the eMBB HARQ feedback completion, as shown in Figure 8. As a result, this may lead to a large feedback delay since the eMBB PDSCH may be scheduled with a large feedback delay. For this end, this would leave no time to perform a grant-based retransmission for URLLC in DL. Then the initial DL URLLC transmission has to apply very conservative scheduling information in order to meet the 1e-5 or 1e-6 BLER target within one-shot transmission, resulting in a very low system resource efficiency. In some use cases, e.g., remote driving, there is a large amount of users in one cell, and hence the UE blocking would become very serious due to the low system resource efficiency. Hence, it is difficult to guarantee the number of users that meets URLLC requirement in this case. 
Based on above discussion, it is straightforward that the UE can send the HARQ-ACK for URLLC before the HARQ-ACK for eMBB, even if the eMBB PDSCH comes before the URLLC PDSCH, however it will definitely increase UE implementation complexity and need additional UE processing capability when the UE needs to feedback HARQ-ACK for eMBB PDSCH. It is simple to drop eMBB PDSCH and the corresponding the ACK/NACK.
[image: ]
Figure 8. Out-of-Order HARQ for HARQ-ACK
Proposal 6: The scheduling/HARQ scheduling enhancement for PDSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PDSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PDSCH in process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PDSCH in HARQ process B is before the eMBB PDSCH in HARQ process A, and drop the eMBB PDSCH and corresponding HARQ-ACK.
DL PI enhancement
In 38.213, the UE behavior upon reception of PI is specified: “If a UE detects a DCI format 2_1 for a serving cell from the configured set of serving cells, the UE may assume that no transmission to the UE is present in PRBs and in symbols, from a set of PRBs and a set of symbols of the last monitoring period, that are indicated by the DCI format.” Thus, a UE may disregard the whole indicated region. This implies that it also would flush out potential low latency traffic that was intended for itself. This PI flushing issues is left for UE’s implementation in Rel15.
In Rel-16, if URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered. One enhancement is that the URLLC UE can skip monitoring PI or just not flush its buffer. Another enhancement is the subsequent retransmission before HARQ-ACK, which is related to out-of-HARQ operation.
Besides physical layer URLLC/eMBB identification, some other parameters can also be used to identify URLLC UEs, such as MCS-C-RNTI, SS and so on. After all, as intra-UE multiplexing is in scope of RAN2-led SI [3], it is up to RAN2 to decide whether to distinguish URLLC traffic and eMBB traffic in physical layer.
Proposal 7: If URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
 URLLC data handling in parallel DL receptions
When two continuous PDSCHs are scheduled to the same UE, there are some scheduling scenarios that UE may not be able to handle. For example, assume PDSCH mapping type A with additional DMRS is configured. The duration for PDSCH D1 is 12 OS. The duration for the following PDSCH D2 is 4 OS. For this kind of scheduling, there would be processing conflict at UE side because the end of the processing for D1 is later than the beginning of processing for D2 as shown in Figure 9.  UE can delay the beginning of processing on D2 if the feedback for D2 is not as tight as shown in Figure 9.
[image: ]
Figure 9: Parallel DL reception in one UE. Demodulation and Decoding of two PDSCHs occur simultaneously at the UE  
However, if the later PDSCH contains URLLC traffic which requires low latency, this delay solution is not suitable. Thus, how to handle URLLC data for the case of parallel DL reception processing needs to be studied.
Observation 5: When reception processing of URLLC and eMBB data occur simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.
As concluded in the above discussion, the URLLC traffic cannot be delayed in the case of parallel DL reception processing. Thus, the UE needs to choose one traffic type to decode first. In the example shown in Figure 6 above, if D2 contains URLLC, it would need to be processed first. Considering that URLLC traffic requires higher reliability and lower latency than eMBB traffic, the UE should always first decode the URLLC traffic when parallel DL reception processing of URLLC and eMBB traffic occurs.  In RAN1 #93 meeting, it was agreed to use new-RNTI to indicate new MCS table which supports very high reliability transmission. The new-RNTI can also be used in the event of parallel URLLC/eMBB reception processing to identify URLLC traffic.
Proposal 8: If the UE has the capability to identify URLLC traffic, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.
If two PDSCHs carrying the same traffic are waiting for scheduling, e.g. both D1 and D2 contain URLLC data or eMBB data, gNB should avoid the processing conflict by proper scheduling. Another solution for this scenario can be UE’s implementation by dropping either one of the two PDSCHs.
Conclusion
In this contribution, we provide our views on the design of the intra-UE UL&DL multiplexing of eMBB and URLLC. We have the following observations and proposals:
Observation 1: When a UE is configured with GF URLLC traffic and eMBB traffic, a semi-static prioritization of GF PUSCH over GB PUSCH would result in a very poor eMBB resource utilization, or potentially even block the eMBB traffic.
Observation 2: When GB PUSCH and GF PUSCH overlap in time, the MAC layer would select only one PUSCH to process if the processing time permits,
· The GB PUSCH would be selected if URLLC data does not arrive or if duration of GB PUSCH is no larger than the duration of GF PUSCH.
Observation 3: When URLLC data arrives during the logical channel prioritization process or during the transmission of a GB PUSCH, UE should interrupt the GB PUSCH and transmit URLLC data on the earliest feasible GF PUSCH resource.
Observation 4: If grant selection function between GB PUSCH and GF PUSCH cannot be executed in the MAC layer process, the PHY layer shall support the selection process when collision occurs.
Observation 5: When reception processing of URLLC and eMBB data occur simultaneously at the UE side, the processing conflict cannot be solved by delaying the URLLC data.

Proposal 1: The scheduling/HARQ scheduling enhancement for grant-based PUSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PUSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PUSCH in HARQ process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PUSCH in HARQ process B is before the eMBB PUSCH in HARQ process A, and drop the eMBB PUSCH.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: It is suggested for RAN2 to remove the prioritization of GB PUSCH over GF PUSCH in the MAC layer process, based on which
· Study the grant selection for URLLC data transmission in the MAC layer by considering the data type, the processing time and characteristic of each grants, or
· Define the priority rule in the PHY layer when GB PUSCH and GF PUSCH are both activated and overlapped in time.  
Proposal 3: For URLLC UCI multiplexing with other UCI on PUCCHs, some extra conditions should be defined in addition to the current timeline to guarantee the low-latency and high reliable transmission of URLLC UCI. 
Proposal 4: Different mapping methods should be designed for URLLC UCI and eMBB UCI piggyback on PUSCH to achieve different latency and reliability requirements. 
Proposal 5: It is necessary to study methods to prioritize the URLLC data transmission over the eMBB UCI when URLLC PUSCH overlaps with eMBB PUCCH. 
Proposal 6: The scheduling/HARQ scheduling enhancement for PDSCH should be considered in Rel-16 URLLC. The UE behavior would be defined as follow:
· For any two HARQ processes A and B for a given UE, if the scheduling DCI for eMBB PDSCH in HARQ process A comes before (in time) the scheduling DCI for URLLC PDSCH in process B, then for the Rel-16 UE capability
· UE can be scheduled such that URLLC PDSCH in HARQ process B is before the eMBB PDSCH in HARQ process A, and drop the eMBB PDSCH and corresponding HARQ-ACK.
Proposal 7: If URLLC/eMBB identification is introduced in physical layer, then some DL PI enhancements can be considered.
Proposal 8: If the UE has the capability to identify URLLC traffic, URLLC traffic shall have higher priority than other traffic in the event of parallel reception processing.

References
1. RP-182090, “Revised SID: Study on NR Industrial Internet of Things (IoT)”, TSG-RAN#81, Gold Coast, Australia, September 10-13, 2018
1. 3GPP TS 38.213 V15.2.0, “NR: Physical layer procedures for control”, June 2016

image2.emf
UL Grant

UE

GB PUSCH

GF PUSCH


image3.emf
UL Grant

URLLC data

GF PUSCH

Slot n Slot n+1 Slot n+2 Slot n+3

GB 

PUSCH

O P 


image4.emf
UL Grant

URLLC data

GF PUSCH

Slot n Slot n+1

Slot n+2

Slot n+3

GB 

PUSCH

P 

O

UE


image5.emf
UL Grant

URLLC data

GF PUSCH

Slot n Slot n+1 Slot n+2 Slot n+3

GB 

PUSCH

O

P 

O P 


image6.emf
DL DCI

UL Grant

URLLC 

PUSCH

ACK/

NACK

< N1+X


image7.emf
DL DCI

CSI or SR

URLLC 

ACK/NACK

< N1+X


image8.emf
URLLC  SR

eMBB 

CSI

URLLC 

AN

eMBB 

CSI

PUCCH 1

PUCCH 2

PUCCH 1

PUCCH 2

PUCCH 3

SR+CSI

PUCCH 2

AN+CSI


image9.emf
PDSCH with

HARQ_ID 0

UE is not expected

DL URLLC traffic already arrive 

Grant for

HARQ_ID 1

K0=2

Grant for

HARQ_ID 0

K0=2

PDSCH with 

HARQ_ID 1


image10.emf
HARQ_ID 0

K0=0,K1=7

HARQ_ID 1

K0=0,K1=2

HARQ HARQ

UE is not expected

DL

DL URLLC traffic already arrive 


image11.png
0123456735 910111213

0123456785 910111213 0

1

2

3

CORESET PMR! MRS

MRS

<«4—PDSCHD1——>

CE

4PD CH»
D2

Processing Confiict

Processing for PDSCH D1

Processing for PDSCH D2

H
Demod Ak

Decode

<«———13 symbols———»
CE

Demod
Decode

<«—9 symbols—»




image1.emf
Grant for

HARQ_ID 0

K2=7

Grant for

HARQ_ID 1

K2=2

PUSCH with 

HARQ_ID 1

PUSCH with

HARQ_ID 0

UE is not expected

UL

UL URLLC traffic already arrive 


