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1. Introduction
In RAN 83, objectives of work item were defined [1] and the following shows intra-UE prioritization/multiplexing part:
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.
In addition, one agreement on DL SPS in RAN1 was achieved [2]:

Agreements:

· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.

· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations

· Support separate release for different DL SPS configurations for a given BWP of a serving cell.

· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 

One agreement on DL SPS in RAN2 [3]
· Will support “short” SPS periodicities, at least down to 0.5ms

· Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
Resource conflicts between dynamic grant and configured grant PUSCH and conflicts involving multiple CGs and DL SPS are discussed in this document and UL control/data and control/control are discussed in [4].
2. Prioritization of the intra-UE multiplexing scenarios
2.1. Resource conflict between configured and dynamic grant
In uplink transmission, grant-based and grant-free transmissions were specified in NR. Grant-free resource is configured semi-statically and used dynamically. In some cases, utilization of grant-free resource is not predicted. So grant-based resource, which is scheduled by eNB dynamically, may collide with grant-free resource in time domain, even in frequency domain. In Rel15, grant-based transmission prioritizes grant-free transmission. However, grant-free resource may be configured for URLLC and grant-based resource may be longer duration, which is not suitable for URLLC. So grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration, e.g TTI length and/or resource priority.
Proposal 1: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration.
2.2. Resource conflict between multiple configured grants
In addition, multiple configured grant resources, which are overlapped in time domain, may be scheduled for eMBB and URLLC transmission separately. Especially for short period URLLC traffic, it is not easy to find non-overlapped resource in time domain. For collision case, UE needs to know which service is allowed to be transmitted on configured grants. Some indication schemes can be considered.
Solution1: Allowed service or data from allowed logical channel is indicated in ConfiguredGrantConfig
Solution2: Allowed service is indicated by PUSCH length or configured grant period implicitly. For example, Configured grant with short PUSCH length or short configured grant period can be used for URLLC; otherwise, configured grant can be used for eMBB.
Proposal 2: Which type of service is allowed to be transmitted on configured grants can be indicated in ConfiguredGrantConfig or indicated by parameters implicitly, such as PUSCH length or configured grant period.
3. DL SPS

3.1. Shorter period SPS
RAN2 Will support “short” SPS periodicities, at least down to 0.5ms and ask RAN1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symbols.
Several periodic deterministic communication service performance requirements are summarized in TS22.104. And corresponding Table5.2-1 is listed in the below. From the table, we can see that the shortest traffic period is 0.5ms and end-to-end latency should be less than 0.5ms.
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Periodic deterministic communication service performance requirements

Characteristic parameter

Influence quantity

Communica- | Communication | Endto-end | Servicebit | Message | Transfer UE #ofUEs | Service Remarks
tion service | service reliability: | latency: rate: user size interval: speed area
availability: mean time maximum | experienced | [byte] | targetvalue (note 3)
targetvalue | between failures | (note 2) data rate
(note 1)
99,099 % below 1 yearbut | <transfer | =200 Kbis | =200 100 ms ~500ms | =160 kmh | <25 50 kmx Railbound mass transit -
>> 1 month interval 200m Control of automated train
value (A3.2); (note 4)
99,999 % to ~10 years < transfer - 50 500 Js. 500 s, <75kmh | =20 50mx 10m | Motion control (A22.1)
99,09999 % interval x10m
value
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99,0999 % fo | ~ 10 years <transfer | — 20 2Zms 2Zms <75kmh | =100 50mx 10 m | Motion control (A.2.2.1)
99,099999 % interval x10m
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(fault case) case) restoration (A 4.4); (note 5)
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machines (A2.4.1)
99,0999 % fo | ~ 1 year <transfer | — 010250 |<i2ms 2ms | <8kmh | T8D Typically Mobile control panels -
99,099999 % interval (note 7) 40mx remote control of e.g.
60m; mobile cranes, mobile
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200mx cranes(A2.4.1)
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Figure 1 shows processing procedure considering jitter and processing time. For figure 1(a), data arrives early enough to prepare data for the latest SPS occasion, and then one-way latency P1 is the sum of gap between data arrival and the latest SPS occasion, transmission duration and decoding time. For figure 1(b), data arrives too late to prepare data for the latest SPS occasion, and then one-way latency P2 is the sum of gap between data arrival and the latest SPS occasion, SPS periodicity, transmission duration and decoding time. It is assumed that data preparation =1/2*N2, Transmission duration =2 symbols, decoding time =1/2*N1, and N2=5.5 symbols, and N1= 4.5 symbols for capability 2 UE when SCS=30 kHz.  Then P1 is larger than 7 symbols but smaller than 7 symbols plus SPS periodicity, P2 is smaller than 7 symbols plus SPS periodicity but larger than 5 symbol plus SPS periodicity.  So if one-way latency is not larger than 0.5ms, SPS periodicity is smaller than 9 symbols for 30 kHz. So 7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.
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(a)                                                                  (b)
Figure 1 SPS processing procedure
Proposal 3: 7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.

3.2. Multiple SPS
There are two use cases for multiple SPS configurations: 1) to support different traffic service 2) to match various offset and unexpected jitter. For use case 1, separate signaling for SPS is needed. For use case 2, separate RRC signaling and joint DCI signaling for SPS can be considered to tradeoff flexibility and signaling overhead.
Proposal 4 Support joint activation/release in a DCI for two or more DL SPS configurations

To support joint scheduling activation/release PDCCH, one field to indicate one or multiple SPS configurations needs to be added. To maintain DCI size budget, existing field need to be reused. For example, HARQ process number (4 bits), Redundancy version (2bits) and TPC command for scheduled PUCCH (2 bits) are total 8 bits to bitmap up to 8 configured grants. HARQ process number is calculated by time domain resource, redundancy version is configured by SPS-Config and TPC command for scheduled PUCCH does not work for most PUCCHs except the first PUCCH. So these fields can be resued.
Proposal 5: HARQ process number (4 bits), Redundancy version (2bits) and TPC command for scheduled PUCCH (2 bits) in DCI are total 8 bits to bitmap up to 8 configured grants.
3.3. HARQ-ACK feedback for SPS

In Rel-15, the smallest SPS periodicity is 10 ms and the largest DL-UL-transmission periodicity is 10 ms. Therefore, at most one SPS resource is contained in one set of occasions for candidate PDSCH receptions. SPS PDSCH must be transmitted when no dynamic PDSCH is scheduled on the SPS resource, and one PUCCH format 0/1 is configured with a fixed HARQ timing K1 is used for HARQ-ACK transmission.

In Rel-16, multiple DL SPS configurations and small SPS periodicity (may be less to 0.5ms) are supported, multiple SPS resources are contained in a set of occasions for candidate PDSCH receptions. HARQ-ACK multiplexing for SPS PDSCH should be considered [4].

Proposal 6: HARQ-ACK multiplexing for SPS PDSCH should be considered.
4. Conclusions
Resource conflicts between dynamic grant and configured grant PUSCH and conflicts involving multiple CGs are analyzed and followings are proposed:

Proposal 1: Grant-based transmission does not always prioritize grant-free transmission and it’s better to choose resource according to traffic requirement and resource configuration.
Proposal 2: Which type of service is allowed to be transmitted on configured grants can be indicated in ConfiguredGrantConfig or indicated by parameters implicitly, such as PUSCH length or configured grant period.
Proposal 3: 7-symbol periodicity should be supported to meet 0.5ms one-way latency and 2-symbol periodicity can be considered to support flexible transmission duration and relax UE processing capability.

Proposal 4:  Support joint activation/release in a DCI for two or more DL SPS configuration.

Proposal 5: HARQ process number (4 bits), Redundancy version (2bits) and TPC command for scheduled PUCCH (2 bits) in DCI are total 8 bits to bitmap up to 8 configured grants.
Proposal 6: HARQ-ACK multiplexing for SPS PDSCH should be considered.
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