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1. Introduction

In RAN1#97, the following agreement and conclusion on DL SPS were made [1]:
	Agreements:

Regarding Q2 in LS from RAN2, the following is captured:

· RAN1 discussed the feasibility of support of shorter periodicities for DL SPS, it is feasible to support periodicity down to 1 slot for all SCSs and single SPS configuration with certain constraints related to HARQ-ACK feedback and combinations of DL & UL SCSs

Conclusion:

· RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS.


In this contribution, we discuss several discussion points regarding DL SPS enhancements being discussed and resource conflicts between PUSCHs from RAN1 point of view. 
2. DL SPS enhancements
2.1. Multiple simultaneous active DL SPS configurations
In order to support diverse TSN applications simultaneously, it was agreed that multiple simultaneous active DL SPS configurations for a given BWP of a UE are supported similar to UL configured grant, which can be beneficial for reducing latency and/or supporting multiple different service/traffic types. How to identify each SPS configuration would need to be addressed, and some field can be used for identification of each SPS configuration. 

One consideration point is how to handle resource conflicts between different DL SPS configurations. Such conflicts normally can be avoided by gNB configuration. Due to introduction of short periodicity, if resource conflicts might not be necessarily avoidable, DL SPS configuration associated with higher priority service/traffic type or with shorter K1 (PDSCH to HARQ-ACK timing) can be prioritized. 
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

During the last meeting, there was a discussion on whether to support joint activation/release for a set of DL SPS configurations. This joint activation/release can be beneficial for DCI overhead reduction and resource utilization. On the other hand, the following aspects need to be addressed. 
For joint activation, one thing is how to allocate time/frequency resource for different SPS configurations. It is worthwhile to note that this should not incur too much DCI overhead as well as restrain the flexibility in terms of resource utilization. 

For joint release, a UE needs to feedback HARQ-ACK corresponding to SPS release DCI for confirmation. For rel-15 SPS, according to the current specification, PUCCH resource for HARQ-ACK corresponding to SPS release DCI is determined by K1 slots after a slot containing PDSCH occasion indicated by TDRA field in the SPS release DCI while the bit location in type-1 HARQ-ACK codebook is determined by SPS PDSCH occasion. It seems that this cannot be straightforwardly applied to joint release since there are multiple SPS PDSCH occasions due to multiple activated SPS configurations. Thus, in order to determine the bit location, either following TDRA field in the SPS release DCI or following one of SPS PDSCHs among multiple SPS configurations can be taken into account. 
Proposal 2: Further study is needed on whether to support joint activation/release for different DL SPS configurations for a given BWP of a serving cell.
2.2. Shorter periodicity for DL SPS configurations

Whether to support SPS periodicities shorter than 1 slot is dependent on its feasibility (and specification efforts correspondingly), and one issue to be addressed is HARQ-ACK feedback including codebook construction. 

In case shorter periodicity of DL SPS is configured, how to construct type-1 HARQ-ACK codebook corresponding to SPS PDSCH and/or SPS release needs to be further discussed. According to the current rel-15 specification, the periodicity of DL SPS can be tens of milliseconds (>= 10 ms), and thus once resource allocation of DL SPS PDSCH is indicated by activation DCI, the indicated resource is always present in the configured table for time domain resource allocation so “candidate PDSCH reception” for each DL SPS transmission slot is fixed to the same bit location within HARQ-ACK codebook for one PUCCH. However, if shorter periodicity than 1 slot is configured (e.g., periodicity of 2 symbols), for some DL SPS transmission, SPS PDSCH occasion may not be always present as a SLIV in the configured table for time domain resource allocation, which means that there may be no “candidate PDSCH reception” for some of DL SPS PDSCH occasion. Therefore, in order to construct HARQ-ACK codebook properly with shorter periodicity of DL SPS, some handling would be needed. One option can be to add HARQ-ACK bits corresponding to the maximum possible number of PDSCH transmissions within a slot derived by the configured periodicity. For instance, the periodicity of 7 symbols is configured for DL SPS, at most two SPS PDSCH can be transmitted within a slot so 2 bits are added into HARQ-ACK codebook.
To alleviate the latency of HARQ-ACK feedback, one can consider subslot-based HARQ-ACK procedure for SPS as well, which has been being actively discussed. By configuring the size of UL subslot properly to map HARQ-ACK corresponding to only one SPS PDSCH occasion, the specification efforts may be possibly minimized. For example, in case SPS periodicity is 2 symbol and the number of subslots within a slot is configured as 7, then one PUCCH per each subslot will have one HARQ-ACK bit corresponding to one SPS PDSCH. However, depending on the length of SPS periodicity and the size of UL subslot, if more than one HARQ-ACK bit falls into one PUCCH, still some handling is required. For instance, in case SPS periodicity is 2 symbol and the number of subslots within a slot is configured as 2, then still one PUCCH in a subslot needs to accommodate HARQ-ACK corresponding to 3 or 4 SPS PDSCH occasions. To provide balance between latency and reliability, configurable HARQ-ACK window can be considered for SPS with shorter periodicity. 
Proposal 3: In case shorter periodicity than 1 slot is supported for DL SPS, HARQ-ACK bit inclusion for SPS PDSCH not indicated by TDRA field, subslot-based HARQ-ACK procedure, and/or configurable HARQ-ACK window can be considered.  
If shorter periodicity of DL SPS is configured and time domain resource allocation is indicated via activation DCI, the time duration of each DL SPS transmission should not exceed its periodicity like what is restricted for configured grant PUSCH.
Proposal 4: The time duration of each DL SPS transmission should not exceed its periodicity.
3. Resource conflicts between PUSCHs

3.1. Between dynamic grant (DG) and configured grant(CG) resource

It has been discussed how to handle collision handing between configured grant and dynamic grant. The reason we discuss this prioritization is configured grant is highly useful to support URLLC. For example, in various scenarios such as power distribution grid fault and outage managements, gNB can assign configured grant with short periodicity for potential uplink transmission. If dynamic grant always overrides configured grant, URLLC transmission can be cancelled unexpectedly. In other word, gNB may be not possible to allocate PUSCH resource dynamically. Therefore, it would be necessary to prioritize configured grant under some conditions.

This collision case; between CG and DG, is having some different points from the collision case between DG and DG. In case of DG and DG, PHY layer notices which DG is received earlier and MAC PDU would be generated for both DG at least when UL skipping for dynamic scheduling is not configured. In the case of CG, PHY layer cannot foresee whether CG is used or not even when there is no overlapped DG. Since UE behavior of CG is based on UL skipping, whether CG is used is up to existence of MAC PDU for that CG.

First of all, we need to consider the necessity of the priority given by gNB. In release 15, both dynamic grant and configured grant has no explicit priority. So, MAC layer just put LCH to UL grant as MAC PDU, based on LCP (logical channel prioritization) with some restriction such as PUSCH duration and SCS. RAN2 is discussing about additional LCH restriction and deterministic LCH mapping to UL grant [2]. RAN1 is also discussing about PUSCH priority due to comparing with UCI having a priority [3].  From RAN1 perspective, at least for UCI multiplexing between URLLC HARQ-ACK and PUSCH, it seems necessary to have given priority by gNB configuration. Therefore, we can assume that the priority of configured grant is configured by RRC parameters and the priority of dynamic grant is indicated by PHY indication in a DCI. 
When gNB schedules low priority DG overlapped with higher priority CG, the appropriate behavior should be to use DG only when CG is not necessary. However, as pointed out, only MAC layer can determine the necessity of CG by MAC PDU existence. Therefore, prioritization between DG and CG should be up to MAC layer. Especially, even if MAC layer has sent MAC PDU for DG to PHY already, MAC layer can obtain MAC PDU for CG due to urgent traffic arrival. In this case, MAC layer gives multiple MAC PDU to PHY with priority indicator and PHY layer chooses one of them by that indicator. Since the timing of obtaining MAC PDU cannot be specified, these inter-layer operation can be achieved by UE implementation. 

On the other hand, even though MAC decides which grant is used, priority indicator in PHY layer can be beneficial. For example, when UE receives DCI indicating high priority PUSCH, UE may assume the PUSCH wouldn’t be preempted by configured grant. This can make UE implementation easier and processing time shorter. In other words, If UE PHY assumes that UE MAC prioritizes a channel based on priority given by PHY indication, UE PHY can just follow PHY indication without any MAC assistance. 
In those point of view, we are willing to suggest to leave configured grant prioritization up to MAC decision or UE implementation. 
Proposal 5: PHY layer indication of channel priority is supported.

· For configured grant, channel priority can be indicated by activation DCI or configured by RRC.

Proposal 6: Resource conflicts between DG and CG can be handled by MAC based on PHY layer indication.
3.2. Among multiple configured grants

There are multiple purposes for configuring multiple configured grants. Up to those purposes, collision between multiple configured grants can occur intentionally and unintentionally. 

Intended collision case can be illustrated in figure 1. To support short latency with long PUSCH duration, network may configure multiple resource for all potential UL transmission timing. Obviously, one of CG resources should be selected by MAC based on traffic arrival (whether suitable MAC PDU exists or not). Considering each PUSCH duration/repetition is configured in order to meet URLLC requirements, on-going transmission need to be prioritized to guarantee the reliability requirement. In other words, when a transport block is being transmitted on a CG resource, any other transport block shouldn’t be transmitted on other CG resources.
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Figure 1. An example of intended resource confliction

For support different service with different traffic types, network may configure multiple configured grants having different TB size and different periodicities. Up to these configurations, such as coprime periodicities and different PUSCH duration, some configured grants may be eventually collide each other in time-domain, which can be considered as unintentional collision case. As mentioned for the case of DG and CG, CG PUSCH is used only when MAC PDU for the CG PUSCH exists. Therefore, it is beneficial to use low priority CG when overlapped high priority CG is not in use. 
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Figure 2. An example of unintended resource confliction
Therefore, for both intended and unintended collision cases of CGs, MAC prioritization is recommended.

Proposal 7: For Resource conflicts between CG and CG, following can be considered:

· Resource conflicts between CG and CG for initial transmissions can be handled by RAN2 or by UE implementation.

· When a transport block is being transmitted on a CG resource, any other transport block should not be transmitted on other CG resources.

4. Conclusions

In this contribution, we discussed several aspects on DL SPS enhancements and resource conflicts between PUSCHs for supporting industrial IoT. Based on the above discussion, our proposals are given as follows:
Proposal 1: In case of resource conflicts between different DL SPS configurations, further discussion on the necessity of prioritization is needed. 

Proposal 2: Further study is needed on whether to support joint activation/release for different DL SPS configurations for a given BWP of a serving cell.
Proposal 3: In case shorter periodicity than 1 slot is supported for DL SPS, HARQ-ACK bit inclusion for SPS PDSCH not indicated by TDRA field, subslot-based HARQ-ACK procedure, and/or configurable HARQ-ACK window can be considered.  

Proposal 4: The time duration of each DL SPS transmission should not exceed its periodicity.
Proposal 5: PHY layer indication of channel priority is supported.

· For configured grant, channel priority can be indicated by activation DCI or configured by RRC.

Proposal 6: Resource conflicts between DG and CG can be handled by MAC based on PHY layer indication.
Proposal 7: For Resource conflicts between CG and CG, following can be considered:

· Resource conflicts between CG and CG for initial transmissions can be handled by RAN2 or by UE implementation.

· When a transport block is being transmitted on a CG resource, any other transport block should not be transmitted on other CG resources.
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