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1. Introduction 

In RAN #83, WID on support of NR Industrial Internet of Things (IoT) was agreed, in which some aspects about  intra-UE multiplexing enhancement for configured grant would be discussed in RAN1 section [1]. 
The aspects led by RAN2 (with RAN1 as secondary) are listed as following

· resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH
· resource conflicts involving multiple CGs
· support for shorter SPS periodicities than the existing ones
For intra-UE multiplexing enhancement, the UE may need to dynamically change its UL transmission power according to the different reliability target for eMBB and URLLC related UL transmissions. However, Rel-15 does not support dynamic switching Tx power (e.g. open loop parameters P0 and alpha, etc.) for PUSCH/PUCCH based on service (i.e. eMBB and URLLC) especially when SRI is not configured
In this contribution, we share our views on other issues for URLLC. 
2. Resource conflicts between DG and CG PUSCH
In Rel-15, grant-based transmission has the higher priority than grant-free transmission, in which service priority does not be taken into account. In Rel-16, PUSCH prioritization for different service types should be specified for handling the potential resource conflict.
For resource conflict between dynamic grant (DG) and configured grant (CG) PUSCH, two cases are included as following:  
· Case 1: eMBB CG PUSCH vs. URLLC DG PUSCH
· Case 2: URLLC CG PUSCH vs. eMBB DG PUSCH
For case 1, the principle in Rel-15 can be reused that DG UL transmission has the higher priority than CG UL transmission when resource conflicts.

For case 2, Figure 1 shows an instance. In this case, an eMBB UL transmission scheduled by UL grant overlaps in time with a CG resource on which UE intends to transmit URLLC UL. CG resources are configured for URLLC transmission which can satisfy the latency and reliability requirements. After eMBB UL is scheduled, a URLLC packet arrives. In this case, UE needs to transmit URLLC UL on CG resource because the CG resource has higher priority than the DG UL resource. The eMBB PUSCH transmission should be dropped entirely or partially. The details can be FFS.  
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Figure 1: Example of intra-UE UL multiplexing between DG UL and CG UL
For these cases above mentioned, UE should be aware of priority of different service types. There are several possible methods to determine the priority of service type, e.g. by LCP in MAC layer, MCS table configured for PUSCH transmission and so on. 

For priority determination by LCP, UE can map different services to different logical channels with different logical channel priority. An example of association between LCP in MAC layer is presented in Figure 2. In the Figure, LCP 1 is used for the LCH mapped to URLLC data with mini-slot based transmission, while LCP 2 is used for the LCH mapped to eMBB data with slot-based transmission. 
For PUSCH for configured grant overlapped with a PUSCH for dynamic grant, UE needs to determine which LCP is associated with the configured grant and dynamic grant. In this case, LCH mapping to URLLC is allowed to use the configured grant. While LCH mapping to eMBB is not allowed to use the configured grant and can use the dynamic grant. If there are URLLC data to be transmitted, the data should be prioritized and thus be transmitted on the PUSCH for configured grant to meet the latency requirement. Therefore, in this case, configured grant associated with higher logical channel priority should be prioritized for URLLC data transmission.
Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used, when a LCP is associated with different types of PHY resources. In such case, current MAC mechanism cannot differentiate the different service type.  
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Figure 2: Example of association between LCPs in MAC 
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Figure 3: Timeline for grant selection

In Rel-15, the collision handling between CG-PUSCH and DG-PUSCH is specified in MAC layer as shown in Figure 3(a), after receiving a dynamic grant scheduling, UE demodulates and decodes the DCI and deliver the grant to MAC layer. If there is a colliding configured grant PUSCH, MAC layer only deliver the DG PUSCH to PHY for transmission in Rel-15. For Rel-16 CG PUSCH may be the URLLC service, which has the higher priority. Thus, the solution should be investigated to guarantee the URLLC service. 
As shown in Figure 3(a), MAC delivers to PHY the TB for CG-PUSCH transmission at T1 time before the starting symbol of a CG-PUSCH occasion, while T1 is not specified in Rel-15. If dynamic grant arrives before the time instance of [CG-PUSCH starting symbol - T1], MAC layer has sufficient time to make decision. MAC layer can select one between PUSCH scheduled by dynamic grant and configured grant PUSCH based on the priority indication provided by PHY, e.g. UL grant. If PUSCH scheduled by dynamic grant has the higher priority, TB associated with DG PUSCH will be delivered to PHY layer. On the contrary, if configured grant PUSCH has the higher priority, TB associated with CG PUSCH will be delivered to PHY layer. Thus, MAC layer handling and decision is applied.    

As shown in Figure 3(b), if dynamic grant arrives after the time instance [CG-PUSCH starting symbol - T1],  MAC layer may not have enough time to re-deliver the DG PUSCH. However, such issue exists already in Rel-15 and in such case it is up to UE implementation how to ensure that DG PUSCH can be transmitted. Now it is reasonable to let RAN2 discuss such issue to see whether and how MAC layer behavior can be specified for grant selection considering the indication on PUSCH priority provided by PHY. 
Proposal 1: For resource conflict between dynamic grant (DG) and configured grant (CG) PUSCH:

· Case 1: When resource conflict between eMBB CG PUSCH and URLLC DG PUSCH

· Follow existing prioritization mechanism, i.e. DG PUSCH is prioritized over CG PUSCH 

· Case 2: When resource conflict between URLLC CG PUSCH and eMBB DG PUSCH
· URLLC CG PUSCH is prioritized over eMBB DG PUSCH, where eMBB PUSCH is dropped entirely or partially.
Proposal 2: For the handling of resource conflict between DG and CG PUSCH, wait for RAN2 decision before any discussion in RAN1. 
3. Resource conflicts involving multiple CGs
For resource conflicts involving multiple CGs, Figure 4 shows an instance. In this case, two CG PUSCH configuration are enabled for a UE, which comprise of a long period configuration and a short period configuration. When an eMBB service arrives at t1, UE intends to use CG PUSCH with the longer PUSCH which corresponds to a wider frequency resource and a longer time domain duration. At t2, URLLC service arrives. The CG PUSCH configuration 2 should be selected by UE to satisfy the latency and reliability requirements. In this case, an eMBB UL CG transmission overlaps in time with a CG resource on which UE intends to transmit URLLC UL. For this case, UE needs to transmit URLLC UL on CG resource with the shorter period because the CG resource has higher priority than the eMBB CG UL resource. eMBB PUSCH transmission should be dropped.
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Figure 4: Example of resources conflict between eMBB CG UL and URLLC CG UL
The transmission scheme is decided in RAN2 and RAN2 solution for priority differentiation should be considered firstly. 
For this case above mentioned, UE should be aware of priority of different service types. There are several possible methods to determine the priority of service type in MAC layer, e.g. by LCP in MAC layer, as mentioned in section 2. 

Although LCP in MAC layer can be used for priority determination, it may be difficult for MAC layer to determine which PHY resource to be used, when a LCP is associated with different types of PHY resources, as shown in Figure 5. In such case, current MAC mechanism cannot differentiate the different service type. RAN2 solutions are needed for the collision handling. If needed, RAN1 work can be triggered by RAN 2. Some physical layer parameters for CG can be used for assisting prioritization handling in MAC layer as following:
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Figure 5: Example of association between LCPs in MAC
· Alt 1: The duration of configured grant PUSCH 

If multiple configured grant PUSCHs collide, the PUSCH with shorter duration can have the higher priority. Generally, URLLC service has the shorter duration than eMBB service. If data arrivals with different service, time-domain duration of the configured grant PUSCH can help priority determination. UE can transmit the CG PUSCH with the shorter duration and cancel the PUSCH with the longer duration.
· Alt 2: MCS of configured grant PUSCH 

MCS of configured grant PUSCH can also differentiate the priority of different services. A CG PUSCH with lowSE MCS table has the higher priority than CG PUSCH with other MCS tables. 

· Alt 3:  prioritization based on ending symbol position 

When resources of multiple CG PUSCH conflict in time, the ending symbols of PUSCH can be used to differentiate the priority of different services. For example, in the case of multiple CG PUSCH with the same starting symbol, CG PUSCH with the earlier ending symbol has the higher priority.      

· Alt 4: period of configured grant PUSCH
Similar to Alt 1, period of configured grant PUSCH can also be used for prioritization. The CG PUSCH with the smaller period can have the higher priority. Generally, URLLC service has the smaller period than eMBB service. If two CG PUSCHs collide, UE can transmit the CG PUSCH with the smaller period and cancel the PUSCH with the larger period.
· Alt 5: configuration ID number

If all the parameters of Alt 1-4 are the same, the configuration ID for CG PUSCH can be used for prioritization. For instance, when services arrive with the different priority, the CG PUSCH with the smaller configuration ID number has the higher priority than CG PUSCH with the higher ID number. When two CG PUSCHs collide, UE can transmit CG PUSCH with the smaller configuration ID and cancel the CG PUSCH with the larger configuration ID.    
Proposal 3: The handling of resource conflict involving multiple CGs should be investigated in RAN2. If needed, RAN1 work can be triggered by RAN 2.
Proposal 4: If physical layer parameters are required for assisting prioritization handling, the following parameters can be further investigated 

· The duration of CG PUSCH
· MCS of CG PUSCH
· The starting/ending symbol of CG PUSCH
· The period of CG PUSCH
4. DL SPS enhancement 
4.1. DL SPS skipping
In Rel-15, DL SPS is used for VoIP traffic and minimum periodicity of SPS is 10 ms. If DL SPS is configured, gNB will transmit SPS PDSCH in every SPS PDSCH occasion and UE needs to decode PDSCH in each occasion. 

For eURLLC in Rel-16, DL URLLC traffic needs to be supported. As agreed, short periodicity down to 1 slot is supported for DL SPS to reduce the latency. DL SPS is used by the network to reduce control overhead for such dense and periodic traffic. If there is DL quasi-periodic traffic with fixed packet size and low latency requirement, gNB can configured and activate a much shorter DL SPS periodicity for control overhead reduction. In such case, gNB may not need to transmit SPS PDSCH in each PDSCH occasion, i.e. gNB can skip SPS PDSCH transmission if there is no DL traffic. In such assumption, when UE is configured DL SPS, UE can perform DMRS detection in a PDSCH occasion to determine whether PDSCH is transmitted and and skip decoding SPS PDSCH in the PDSCH occasion when DMRS is not detected. It is beneficial for UE power saving. An example is shown in the Figure 6.
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Figure 6: DL SPS with skipping
Proposal 5: gNB may skip the DL SPS PDSCH transmission and UE can perform DMRS detection in a PDSCH occasion and decode the PDSCH only when the corresponding DMRS is detected. 
4.2. HARQ-ACK feedback for DL SPS
In Rel-15, when UE is configured with DL SPS, for a SPS PDSCH received in slot n, UE transmits the HARQ-ACK for the SPS PDSCH in slot n+K where K is indicated by the activation DCI for SPS. If there is no available UL resource in slot n+K due to conflict TDD configuration, UE cancels the PUCCH transmission carrying the HARQ-ACK for the SPS PDSCH received in slot n (expect the PUCCH corresponding to the 1st PDSCH granted by the activation DCI, for which such conflict is considered as an error case).
For eURLLC in Rel-16, short periodicity is supported for DL SPS to reduce latency. When UE is configured with a DL SPS configuration with short periodicity, since a single timing value is indicated in the DL SPS activation DCI, there can be quite frequent collision between the resource for HARQ-ACK transmission and slot format indicated by semi-static or dynamic TDD configuration especially for the DL-heavy case. If Rel.15 mechanism is reused, the performance of DL SPS and HARQ-ACK will decrease.
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Figure 7: Example of HARQ-ACK feedback for DL SPS in TDD case
To resolve the impact of TDD case, UE behavior for handling the collision and determining the HARQ-ACK feedback timing needs to be enhanced. If a slot n indicated by the activation DCI for HARQ-ACK transmission for a SPS PDSCH in slot (n-k) is colliding with DL symbols given by semi-static TDD configuration, UE transmits the HARQ-ACK for the SPS PDSCH in the next available UL slot/symbol after slot n. The next available UL slot is determined by the UL resource indicated by semi-static TDD configuration. An example is shown in the Figure 7.
Proposal 6: If a slot n determined according to the HARQ-ACK timing indicated in the activation DCI for a HARQ-ACK transmission for a SPS PDSCH in slot (n-k) is colliding with DL symbols given by semi-static TDD configuration, UE transmits the HARQ-ACK for the SPS PDSCH in the next available UL slot/symbol after slot n, the next available UL slot/symbol is derived by semi-static TDD configuration. 
As a result, UE needs to multiplex multiple HARQ-ACKs for the SPS PDSCHs in multiple PDSCH occasions. Therefore, a HARQ-ACK codebook is constructed in the available UL slot derived to contain the multiple HARQ-ACK where the available UL slot is indicated by semi-static TDD configuration. The association between DL SPS PDSCH occasion and the corresponding UL slot for HARQ-ACK feedback can be derived based on the semi-static configuration and the specified rule (as in proposal 3). 
There may be a case when there is no semi-static TDD configuration configured for UE or UE is configured with all flexible slots by semi-static TDD configuration. Further discussion on such case is needed.
Proposal 7: For UE configured with DL SPS, a HARQ-ACK codebook is constructed to include multiple HARQ-ACK for the SPS PDSCH in multiple PDSCH occasion in the associated UL resource determined by semi-static TDD configuration and a specified rule
· FFS whether and how to handle the case that no semi-static TDD configuration is provided or all resources are flexible indicated by semi-static TDD configuration.
4.3. Collision handling for multiple DL SPS configuration

As agreed, multiple DL SPS configurations are supported. When UE is configured with multiple DL SPS configurations, there may be overlapping in time between SPS PDSCH of different SPS configurations, e.g. a DL SPS configuration with 1 slot periodicity and the other DL SPS configuration with 2 slot periodicity. 
If Rel-15, different capabilities are defined for the number of received PDSCH in a slot. For eURLLC, when multiple DL SPS configurations are configured, UE may need to receive multiple SPS PDSCH in the given slot. If the PDSCH occasion of different SPS configuration are in a slot (may not collide in symbol), when UE has no capability to receive more than 1 PDSCH in a slot or PDSCH occasions are overlapping in time (symbol), UE behavior should be specified. 
When UE has no capability to receive more than 1 PDSCH in a slot, following two alternatives can be considered.

· Alt. 1: UE checks every PDSCH occasion of all SPS configurations in the slot e.g. by DMRS detection. UE decodes only one of the SPS PDSCH with highest priority among the SPS configurations for which DMRS is detected.

· Alt. 2: UE only checks and decodes one SPS PDSCH with highest priority, e.g. by predefined rule.

For Alt. 1, UE needs to perform detection in the all colliding SPS PDSCH occasion thus it may lead to high UE complexity and power consumption. If a particular DL SPS configuration is to be used, gNB can transmit the PDSCH in the SPS occasion of the DL SPS configuration, which could save signaling overhead for DL grant transmission.
For Alt. 2, it is simple for network and UE implementation. However, gNB can only transmit a PDSCH using the DL SPS configuration with highest priority when multiple SPS PDSCH occasions are colliding. When short periodicity is configured the DL SPS configuration with highest priority, DL SPS configuration may be not allowed to be used. It will cause low resource utilization.
For either alternative, the priority can be determined based on the DL SPS configuration ID or priority indication by RRC. E.g. DL SPS configuration with smaller ID has higher priority. 

Proposal 8: For UE configured with multiple DL SPS configuration, UE behavior for handling multiple SPS PDSCH colliding in time is specified. Following alternatives can be considered. 

· Alt. 1: UE checks every PDSCH occasion of all SPS configurations in the slot e.g. by DMRS detection. UE decodes only one of the SPS PDSCH with highest priority among the SPS configurations for which DMRS is detected.

· Alt. 2: UE only checks and decodes one SPS PDSCH with highest priority.

4.4. Activation/deactivation for multiple DL SPS configurations

It was agreed that multiple DL SPS configurations are supported. In case of different services, separate parameters are needed for a given service, e.g. parameters for a resource configuration can be configured separately. To facilitate activation/deactivation for a given DL SPS configuration by DCI, configuration index can be introduced for each SPS configuration.

Similar mechanism of activation and deactivation as enhanced type 2 UL configured grant for URLLC can be adopted. Regarding activation for DL SPS, it was agreed to support separate activation for different SPS configurations. In such case, the activation DCI needs to indicate which resource configuration is to be activated. E.g. an activation field is included in DCI by using new field or the existing fields. The codepoint of the activation field in the activation DCI indicates a given resource configuration. 

Regarding deactivation, similar to the case of activation for multiple resource configuration, the deactivation DCI needs to indicate which resource configuration is to be deactivated. E.g. a deactivation field is included in DCI by using new field or the existing fields. Note that the deactivation field and the activation field can be common. More details can refer to our companion contribution [2].

Proposal 9: Support joint activation/deactivation in a DCI for two or more multiple SPS configurations for a given BWP of a serving cell.
5. Power control enhancements for UL intra-UE multiplexing
In Rel-15, SRI trigger state can be used to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) if SRI field is present. However, for URLLC operation in FR1 the SRI field may not be configured thus it cannot be used to indicate switching of different power control sets. Even if the SRI field may be configured in some scenarios, it is used for UE Tx antenna swtiching or beams switching purpose thus cannot be used for switching separate power control sets targeting eMBB and URLLC, respectively. 
One possible solution is to predetermine one set of PC parameters used for the case without SRI configured, however, this may not satisfy all cases, for example power control cannot be adapted to the different reliability requirment for PUSCH transmissions for different logical channels, i.e. eMBB and URLLC. The only thing network can do is to configure single power control set targeting URLLC requirement, which means high Tx power will be used even for eMBB transmsision, resutling increased interferece and degraded system robustness for URLLC. 
Therefore, service/logical channel dependent power control parameter determination should be supported. To achieve the above, implicit or explicit indicates PC parameters can be considered for the case without SRI indication. In an implicit way, UE can determines PC parameters based on service type. Where the service type can be explicitly indicated by gNB DCI. In an explicit way, an indication field should be additionally introduced in UL DCI to indicate which set of PC parameters can be used. Note that this is exact the same power control enhancement as the one discussed in UL inter-UE multiplexing/prioritization. 
Proposal 10: Rel-16 NR supports an enhanced open loop power control scheme that UE determines PUSCH power control parameters based on explicit indication in UL grant for PUSCH. 
It has been agreed that separate PUCCH configurations related to HARQ-ACK can be configured for eMBB and URLLC, including PUCCH related power control parameters. Given the assumption that the PUCCH resource for HARQ-ACK transmission corresponding to eMBB and URLLC will be indicated explicitly by DL grant, the transmission power for eMBB and URLLC PUCCH can be individually indicated. 
Proposal 11: Rel-16 NR supports an enhanced open loop power control scheme that UE determines PUCCH power control parameters based on explicit indication in DL grant. 

When different open loop power control parameters are used for eMBB and URLLC UL transmissions respectively, it should be discussed whether a shared or independent closed loop power control state should be used for eMBB and URLLC. An independent closed loop power control state may be beneficial such that network can control the transmit power for eMBB and URLLC more precisely. However, it will decrease the TPC rate for each service. For example, when the UE has continuous eMBB UL transmissions while sporadically URLLC UL transmission, there will be only few TPC commands for URLLC TPC loop thus it is difficult to catch up with the channel and interference variance. Therefore, it is preferred to support a shared closed loop power control state between eMBB and URLLC UL transmissions. 
Proposal 12: Rel-16 NR supports a shared closed loop power control state between eMBB and URLLC UL transmissions.
6. Conclusion

In this contribution, we provide our views on other issues for URLLC. The proposals are summarized below.
Proposal 1: For resource conflict between dynamic grant (DG) and configured grant (CG) PUSCH:

· Case 1: When resource conflict between eMBB CG PUSCH and URLLC DG PUSCH

· Follow existing prioritization mechanism, i.e. DG PUSCH is prioritized over CG PUSCH 

· Case 2: When resource conflict between URLLC CG PUSCH and eMBB DG PUSCH
· URLLC CG PUSCH is prioritized over eMBB DG PUSCH, where eMBB PUSCH is dropped entirely or partially.
Proposal 2: For the handling of resource conflict between DG and CG PUSCH, wait for RAN2 decision before any discussion in RAN1.

Proposal 3: The handling of resource conflict involving multiple CGs should be investigated in RAN2. If needed, RAN1 work can be triggered by RAN 2.

Proposal 4: If physical layer parameters are required for assisting prioritization handling, the following parameters can be further investigated 

· The duration of CG PUSCH
· MCS of CG PUSCH
· The starting/ending symbol of CG PUSCH
· The period of CG PUSCH
Proposal 5: gNB may skip the DL SPS PDSCH transmission and UE can perform DMRS detection in a PDSCH occasion and decode the PDSCH only when the corresponding DMRS is detected.

Proposal 6: If a slot n determined according to the HARQ-ACK timing indicated in the activation DCI for a HARQ-ACK transmission for a SPS PDSCH in slot (n-k) is colliding with DL symbols given by semi-static TDD configuration, UE transmits the HARQ-ACK for the SPS PDSCH in the next available UL slot/symbol after slot n, the next available UL slot/symbol is derived by semi-static TDD configuration.

Proposal 7: For UE configured with DL SPS, a HARQ-ACK codebook is constructed to include multiple HARQ-ACK for the SPS PDSCH in multiple PDSCH occasion in the associated UL resource determined by semi-static TDD configuration and a specified rule.
· FFS whether and how to handle the case that no semi-static TDD configuration is provided or all resources are flexible indicated by semi-static TDD configuration.
Proposal 8: For UE configured with multiple DL SPS configuration, UE behavior for handling multiple SPS PDSCH colliding in time is specified. Following alternatives can be considered. 

· Alt. 1: UE checks every PDSCH occasion of all SPS configurations in the slot e.g. by DMRS detection. UE decodes only one of the SPS PDSCH with highest priority among the SPS configurations for which DMRS is detected.

· Alt. 2: UE only checks and decodes one SPS PDSCH with highest priority.
Proposal 9: Support joint activation/deactivation in a DCI for two or more multiple SPS configurations for a given BWP of a serving cell.
Proposal 10: Rel-16 NR supports an enhanced open loop power control scheme that UE determines PUSCH power control parameters based on explicit indication in UL grant for PUSCH.
Proposal 11: Rel-16 NR supports an enhanced open loop power control scheme that UE determines PUCCH power control parameters based on explicit indication in DL grant.
Proposal 12: Rel-16 NR supports a shared closed loop power control state between eMBB and URLLC UL transmissions.
References

[1] RP-190728, New WID: Support of NR Industrial Internet of Things (IoT), RAN#83 meeting[image: image9.png]



[image: image1]Configured grant
Demodulate, decoding,...
Dynamic grant
MAC
PHY



Configured grant
Demodulate, decoding,...
Dynamic grant
MAC
PHY



#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
DL SPS
P
T
PDSCH occasion
Actual transmitted PDSCH
UE detects DMRS first and decodes PDSCH if DMRS is detected
UE detects DMRS first and skips decoding PDSCH if DMRS is not detected



PUCCH
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
(no Tx)
DL SPS
P
DL
Cell-specific
TDD configuration
UL
PUCCH
T
T
PDSCH occasion
A/N 3
(PDSCH occasion #3)
A/N 9
(PDSCH occasion #9)
A/N 4
(PDSCH occasion #4)
A/N 5
(PDSCH occasion #5)
A/N 6
(PDSCH occasion #6)
A/N 7
(PDSCH occasion #7)
A/N 8
(PDSCH occasion #8)
A/N 2
(PDSCH occasion #2)
A/N 1
(PDSCH occasion #1)
HARQ-ACK codebook
PUCCH
PUCCH
PUCCH
PUCCH
PUCCH
PUCCH
PUCCH
PUCCH
DL
DL
DL
DL
DL
DL
DL
DL
DL
UL
PUCCH is not available due to conflicting with DL
slot
HARQ-ACK timing K1 indicated by activation DCI = 1 slot



