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1 Introduction

In this contribution the other aspects of eURLLC work are analysed:
	Including other aspects led by RAN2 (with RAN1 as secondary) as in RP-191561, e.g., addressing resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs, support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE, support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, support for shorter SPS periodicities than the existing ones, etc.


In particular, DL SPS enhancements are discussed where the following agreements have been reached in previous meetings:

	RAN1#98:

Agreements:

For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), support more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant in a PUCCH resource 

· FFS applicability to all PUCCH formats

· FFS the number of bits, e.g., the # of configured/activated SPS configurations, etc.

· FFS how to construct both type-1 and type-2 HARQ-ACK codebook for cases where HARQ-ACK feedback for SPS PDSCH is multiplexed with dynamic PDSCH HARQ-ACK 
Conclusion:

· There is no consensus to support joint activation in a DCI for two or more SPS configurations for a given BWP of a serving cell in rel-16. 

Conclusion:

There is no consensus on support of DL SPS periodicity shorter than 1 slot in Rel-16. 

Working assumption:

Support joint release in a DCI for two or more SPS configurations for a given BWP of a serving cell

· Reusing the joint release mechanism as that defined for UL type 2 CG

RAN1#97:

Agreements:

· Regarding Q1 in the LS in R1-1905940:

· Although RAN1 has not completely analysed the potential impact of supporting up to 16 SPS configurations for a given BWP of a serving cell, RAN1 has the understanding that 8 SPS configurations for a given BWP of a serving cell is sufficient in Rel-16

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.

RAN1#96bis:

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 


In this document, the aspects of DL SPS enhancements and support of TSC and accurate time synchronization are discussed. This contribution also closely relates to configured grant PUSCH enhancements presented in [1].
2 Support of Multiple DL SPS Configurations
2.1 Support of activation/deactivation of multiple configurations

So far the agreements on support of multiple SPS configurations are aligned with design in CG PUSCH. There is no technical motivation to deviate from CG, thus it is proposed to finish the details of activation / deactivation of multiple SPS processes simply adopting similar decisions as being discussed for UL.
Proposal 1
· Design of activation and deactivation in case of multiple DL SPS processes follows the design for activation and deactivation of multiple Type 2 CG configurations, i.e.
· HARQ ID field is re-interpreted to activate/deactivate particular SPS process or a combination of SPS processes

2.2 HARQ feedback for multiple configurations
Introduction of multiple DL SPS processes in general can lead to scheduling of more than one HARQ-ACK bit in a slot for SPS. This is not yet supported in NR, although enhancements to UCI are being discussed in another agenda.
There are two situation that need to be considered:

· Multiple DL SPS occasions are TDM-ed in a slot:
· At most N HARQ-ACK bits corresponding to N DL SPS configurations need to be provisioned in both Type I and II codebook constructions, when mapped to the same slot. If sub-slot codebook construction is available, sub-sets of these bits may be mapped to different PUCCH occasions.
· Index of DL SPS configuration can be used to understand the order the HARQ-ACK bits.

· Association to HARQ-ACK code-books (in case of multiple simultaneous CBs are constructed) can be indicated as part of DL SPS configuration.
· Multiple DL SPS occasion overlap in a slot:
· This case is identical to the first one, with the difference in how DL SPS configurations subject to multiplexing in the same PUCCH are identified. The number of supported overlapped SPS configuration may need to be restricted as part of UE capability framework.
Since the number of DL SPS configurations may be quite large (8 to 16 depending on final RAN2 decision), it may not be possible to restrict PUCCH formats to only formats 0 and 1, as it is currently assumed, when there is no multiplexing with dynamic HARQ-ACK bits. Therefore, usage of formats for > 2 bit should be also supported. Note, that the total number of bits per PUCCH resource may not be equal to the maximum number of DL SPS configurations (since it is not a design consideration that all SPS occasion feedbacks are mapped to the same PUCCH). In that sense, the maximum number may be derived from an assumption of least possible effective periodicity of overlapped DL SPS configurations, e.g. 2 symbols, and potentially a few combinations allowing fully overlapped reception. Overall, regardless of further RAN2 decision on number of DL SPS processes, 8 SPS HARQ-ACK bits multiplexed into a single PUCCH resource may be a good number to proceed.
The PDSCH-to-ACK timing should also be enhanced same way as in general UCI discussions to allow sub-slot based feedbacks, and thus counting K1 in sub-slots, not slots.
Proposal 2
· To support HARQ-ACK feedbacks for multiple activated SPS processes
· Allow PUCCH formats 2,3,4 to be used for SPS HARQ feedback when no multiplexing with dynamic HARQ-ACK bits
· Allow > 1 HARQ-ACK bits to be reserved in a codebook (both Type I or II) for SPS feedback

· The maximum number of SPS HARQ-ACK bits mapped to a given UCI is 8

· Use ascending SPS config index to understand HARQ-ACK bit mapping order

· Allow signalling of PDSCH-to-ACK timing in sub-slots

3 Accurate time synchronization for TSC
It was agreed during RAN2#105bis meeting that propagation delay compensation may be needed for cell radiuses exceeding 200 m, which acknowledges what was already mentioned in RAN1 evaluation during SI phase. However, there was no consensus on whether any specifications work needs to be done for that:

	· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 

· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified.


Different mechanisms for propagation delay compensation and some of the related aspects were discussed during RAN2#105bis meeting, as well as on RAN2 email reflector.  

It has been a shared understanding that in certain scenarios it may be possible to meet the current requirements on the timing accuracy by using a Rel-15 HRLLC-like signaling framework and relying on the UE-side estimation/compensation of the radio propagation delay. Particularly, leaving the compensation up to UE implementation and not specifying any enhancements in Rel-16 better suits the available time in this release, especially considering the lack of urgency for support of use case with larger ISDs and requiring very accurate reference time delivery.

As discussed in [2], various error components may be introduced from the corresponding UE's estimation of propagation delay. Such errors include the errors involved in the estimation due to TA indication error and DL reference timing error (i.e., impacts from TA command granularity and Te in propagation delay estimation).
At the cost of additional signalling overhead, it is also possible to consider specifying finer granularity of TA command to reduce the error contribution from TA indication granularity. Such approach can be a supplementary mechanism that aims to reduce the error contribution from TA indication granularity, only for the UEs which have valid TA information available to be used.
On the other hand, further enhancements to time synchronization accuracy in Rel-16 NR can also be considered, e.g., pre-compensation of the propagation delay at the gNB when transmitting the time reference information to connected mode UEs, via unicast signaling. Particularly, in many cases, it can be possible for the network to better estimate and pre-compensate for the propagation delay on a per-UE basis (when in RRC_CONNECTED) and use the UE-specific signalling to indicate and/or fine tune the indicated time reference. By not relying on estimation of propagation delay at the UE side (leaving it up to network implementation), such an approach also avoids the error components in the estimation of the propagation delay due to TA indication error and DL reference timing error (i.e., no impact from TA command granularity and Te in propagation delay estimation).
Note that while the gNB-based pre-compensation approach is not feasible for SIB-based signaling, any mechanism relying on compensation based on TA at the UE side essentially is only feasible for UEs in RRC_CONNECTED mode. Thus, the main requirement from signaling perspective to support gNB-based pre-compensation is in terms of support of dedicated RRC signaling for the reference time delivery, and should be quite straightforward to define.

We note that, for such cases, it may also be beneficial to reduce the granularity of time reference indication from 0.25us.  However, the overall impact to signalling framework and overhead may need further considerations in RAN1 and RAN2 WGs.

Overall, it may be preferable for the network to estimate and pre-compensate for the propagation delay on per-UE basis when in RRC_CONNECTED, to avoid some of the error sources via DL prop delay estimation. When such pre-compensation is not available (i.e., as indicated by the network or for RRC_Idle UEs), then any propagation delay compensation may be left up to the UE.

Proposal 3
· Support pre-compensation on the network side and add the indication from the network to RRC connected UEs via RRC signaling that the time information was pre-compensated.

· For other cases (including RRC_Idle UEs and cases when network pre-compensation is not applied), any propagation delay compensation is up to UE implementation.

Proposal 4
· Specifying finer granularity of TA command so as to reduce the error contribution from TA indication granularity may be considered as a supplementary mechanism.


During RAN1 #98, it was suggested that some special handling of N_TA_offset may be necessary, especially for TDD deployments. First, we note that the UE will always be aware of the N_TA_offset value (either via received RRC signaling or based on the values defined in Table 7.1.2-2 in TS 38.113). However, more importantly, a non-zero value of N_TA_offset is typically used to accommodate DL-UL and UL-DL switching times in TDD systems. In NR, non-zero value of N_TA_offset can also be applied to FDD bands. However, the N_TA_offset is not used to address over-the-air propagation delay, and thus, for propagation delay estimation and compensation applicable in deriving the reference time at the UE should only consider the N_TA value and not the N_TA_offset. 

Proposal 5
· For TA-based propagation delay compensation, the UE should use the N_TA value and not N_TA_offset to estimate the over-the-air propagation delay.
4 Conclusions
In this contribution, we discussed potential enhancements to DL SPS and support of TSC in context of eURLLC & IIoT. As a result, we draw the following proposals:
Proposal 1
· Design of activation and deactivation in case of multiple DL SPS processes follows the design for activation and deactivation of multiple Type 2 CG configurations, i.e.

· HARQ ID field is re-interpreted to activate/deactivate particular SPS process or a combination of SPS processes

Proposal 2
· To support HARQ-ACK feedbacks for multiple activated SPS processes

· Allow PUCCH formats 2,3,4 to be used for SPS HARQ feedback when no multiplexing with dynamic HARQ-ACK bits

· Allow > 1 HARQ-ACK bits to be reserved in a codebook (both Type I or II) for SPS feedback

· The maximum number of SPS HARQ-ACK bits mapped to a given UCI is 8

· Use ascending SPS config index to understand HARQ-ACK bit mapping order

· Allow signalling of PDSCH-to-ACK timing in sub-slots

Proposal 3
· Support pre-compensation on the network side and add the indication from the network to RRC connected UEs via RRC signaling that the time information was pre-compensated.

· For other cases (including RRC_Idle UEs and cases when network pre-compensation is not applied), any propagation delay compensation is up to UE implementation.

Proposal 4
· Specifying finer granularity of TA command so as to reduce the error contribution from TA indication granularity may be considered as a supplementary mechanism.


Proposal 5
· For TA-based propagation delay compensation, the UE should use the N_TA value and not N_TA_offset to estimate the over-the-air propagation delay.
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