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Introduction
In this contribution we discuss remaining L2 MAC aspects of DL SPS and UL CG, based on the following agreements reached in previous RAN2 and RAN1:
RAN2
R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
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.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID

Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.

RAN1#97
	· 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

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

	· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
· 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 

· Support joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell if the bit-length for indication which configurations released is no more than 4 bits and DCI size is not impacted by adopting joint release. 
· FFS details. 



RAN1#98
	· M<=4 bits indication in the Release DCI is used for indicating which CG configuration(s) is/are released, where the association between each state indicated by the indication and the CG configuration(s) is
· Up to 2^M states are higher layer configurable, where each of the state can be mapped to a single or multiple CG configurations to be released
· In case of no higher layer configured state(s), separate release is used where the release corresponds to the CG configuration index indicated by the indication
· No support of joint activation in a DCI for two or more configured grant Type 2 configurations in Rel-16
· 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. 

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




[bookmark: _Ref178064866]Discussion
DL SPS HARQ handling
For DL SPS, MAC specification TS 38.321 considers currently only slot granularity for formulas determining the SPS occasion as well as the HARQ process ID to be used. RAN1 concluded that that there is no consensus to support DL SPS periodicities shorter than 1 slot. Nevertheless, we think it is useful to consider in the formulas in MAC specification for DL SPS sub-slot granularity to be future-proof, as well as for alignment with UL CG formulas, it seems straight-forward to base those formulas for DL SPS on OFDM symbol granularity. 
In addition, we use DL SPS to serve TSN traffic flows which might have a large range of periodicity values. In order to reduce the alignment delay between packet arrival and assigned SPS resources, it is beneficial to have more granular periodicities values for SPS and the cases for different SCS should also be considered. In conclusion, it seems much cleaner and clearer to base periodicity values on number of OFDM symbols rather than fractions of millisecond values (for higher SCS). 
An example to determine DL SPS occasions is shown below, aligned with formula for NR UL configured grant:
Proposal for Rel-16:
After a downlink assignment is configured for SPS, the MAC entity shall consider that the downlink assignments recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.
[bookmark: _Toc3301160][bookmark: _Toc3301202][bookmark: _Toc3301520]When it comes to HARQ process ID determination and considering multiple active DL SPS configuration to separate the HARQ process ID pool, it had been agreed in RAN2#105bis to introduce a harqProcessIdOffset parameter. Taking both symbol-level calculation and HARQ process ID offset into account leads to the following proposed specification of the HARQ ID determination.
Proposal for Rel-16:
For configured downlink assignments, the HARQ Process ID associated with the first symbol of a DL transmission is derived from the following equation:
HARQ Process ID = [floor (CURRENT_symbol/ periodicity)] modulo nrofHARQ-Processes + harqProcessIdOffset
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
In conclusion we propose:
[bookmark: _Toc3464825][bookmark: _Toc4581924][bookmark: _Toc4680549][bookmark: _Toc5893503][bookmark: _Toc7526113][bookmark: _Toc7526124][bookmark: _Toc7526869][bookmark: _Toc7609325][bookmark: _Toc7683778][bookmark: _Toc7684765][bookmark: _Toc7685159][bookmark: _Toc7685861][bookmark: _Toc7685923][bookmark: _Toc7685935][bookmark: _Toc7697956][bookmark: _Toc7716862][bookmark: _Toc16177787][bookmark: _Toc16177902][bookmark: _Toc16239356][bookmark: _Toc16769540][bookmark: _Toc20493465][bookmark: _Toc20748880][bookmark: _Toc20754419][bookmark: _Toc20755087][bookmark: _Toc20902825][bookmark: _Toc20918381]Formulas to determine DL SPS assignment occurrences as well as HARQ process ID should be based on OFDM-symbols.
UL CG HARQ process handling
In the last meeting, RAN2 has agreed that when multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID. The motivation to have an HARQ process ID offset for each configuration is to separate the HARQ process pools of the two configurations when multiple UL CG or DL SPS configurations are configured.
One further impact is that the legacy definition of a HARQ process configured for a configured uplink grant needs to be modified. In NR Rel-15, the configured grant timer is introduced. The ConfiguredGrantTimer is used to prevent a new configured grant transmission of the same HARQ process. The timer only applies to the HARQ process if it is configured for a configured uplink grant. In Rel-15, with single configuration, it is defined as below: 
	NOTE 2:	A HARQ process is configured for a configured uplink grant if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes.


With multiple configured grants, this needs to be changed to include all the HARQ process IDs defined for multiple configured grant configurations. One proposal can be as follow:
	A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger than or equal to HARQ-proc-Offset_i and smaller than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i. HARQ-proc-Offset_i is assumed to be 0 if not defined.



[bookmark: _Toc4605611][bookmark: _Toc4605674][bookmark: _Toc4607328][bookmark: _Toc4675336][bookmark: _Toc4685731][bookmark: _Toc7296007][bookmark: _Toc7299232][bookmark: _Toc7448942][bookmark: _Toc7685863][bookmark: _Toc7685925][bookmark: _Toc7685937][bookmark: _Toc7697958][bookmark: _Toc7716864][bookmark: _Toc16251029][bookmark: _Toc16259694][bookmark: _Toc16260517][bookmark: _Toc16260560][bookmark: _Toc16260830][bookmark: _Toc16497734][bookmark: _Toc16498010][bookmark: _Toc16498029][bookmark: _Toc16498132][bookmark: _Toc16498351][bookmark: _Toc16498406][bookmark: _Toc16528769][bookmark: _Toc16690867][bookmark: _Toc16690940][bookmark: _Toc20493466][bookmark: _Toc20748881][bookmark: _Toc20754420][bookmark: _Toc20755088][bookmark: _Toc20902826][bookmark: _Toc20918382]Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1.  
[bookmark: _Toc7716865][bookmark: _Toc7296008][bookmark: _Toc7299233][bookmark: _Toc7448943][bookmark: _Toc7685864][bookmark: _Toc7685926][bookmark: _Toc7685938][bookmark: _Toc7697959][bookmark: _Toc16251030][bookmark: _Toc16259695][bookmark: _Toc16260518][bookmark: _Toc16260561][bookmark: _Toc16260831][bookmark: _Toc16497735][bookmark: _Toc16498011][bookmark: _Toc16498030][bookmark: _Toc16498133][bookmark: _Toc16498352][bookmark: _Toc16498407][bookmark: _Toc16528770][bookmark: _Toc16690868][bookmark: _Toc16690941][bookmark: _Toc20493467][bookmark: _Toc20748882][bookmark: _Toc20754421][bookmark: _Toc20755089][bookmark: _Toc20902827][bookmark: _Toc20918383]A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger than or equal to HARQ-proc-Offset_i and smaller than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i.  HARQ-proc-Offset_i is assumed to be 0 if not defined.

In NR rel-15 discussion, there has been a discussion related with MSG3 protection. During the RACH procedure, MSG3 is sent on HARQ process 0. If a UE is configured with configured grant type 1 or type 2 (activated), there is risk that a new transmission on HARQ process 0 of the configured grant is triggered if the configured grant timer is not running. However, at the same time, the same HARQ process 0 is already occupied by MSG3 transmission. Therefore, the MSG3 on the HARQ process 0 may be flushed by a new transmission of the configured grant. 
[bookmark: _Toc7299331][bookmark: _Toc7615059]With the above proposal, as long as the HARQ-proc-Offset_i is not zero for any configuration, the configured grant will not use the process 0, and thus solve the issue related with MSG3. So, by configuring HARQ-proc-Offset not equal to zero for all configurations, the HARQ process 0 is not used by configured grants, and this can thus protect MSG3 (re)transmission.
UL CG activation 
RAN1 has discussed the activation/release mechanisms and agreed to support separate activation/release for different configured grant Type 2 configurations for a given BWP of a serving cell. We believe it is reasonable to enable independent operations (activation or deactivation, etc.) for each UL CG configuration, considering the temporal characteristics differences between two TSN streams, i.e., starting time, periodicity, and targeted delivery latency. Group (joint)-activation of multiple CG configurations for Type2 has been agreed to not be supported by RAN1. Also, from RAN2 perspective, there seems to be no clear benefit in supporting group activation, while there is non-negligible additional complexity, and therefore we propose:
[bookmark: _Toc4585039][bookmark: _Toc4603197][bookmark: _Toc4603647][bookmark: _Toc4603681][bookmark: _Toc4604495][bookmark: _Toc4604669][bookmark: _Toc4673288][bookmark: _Toc4673311][bookmark: _Toc7294195][bookmark: _Toc7294580][bookmark: _Toc7445856][bookmark: _Toc7445862][bookmark: _Toc7445868][bookmark: _Toc7446181][bookmark: _Toc7446187][bookmark: _Toc7448525][bookmark: _Toc7448776][bookmark: _Toc7683772][bookmark: _Toc7684762][bookmark: _Toc7685156][bookmark: _Toc7686021][bookmark: _Toc7697892][bookmark: _Toc7722641][bookmark: _Toc13213518][bookmark: _Toc14170002][bookmark: _Toc14262507][bookmark: _Toc14685877][bookmark: _Toc14686578][bookmark: _Toc16259668][bookmark: _Toc16260274][bookmark: _Toc16260284][bookmark: _Toc16500351][bookmark: _Toc16500610][bookmark: _Toc20493468][bookmark: _Toc20748883][bookmark: _Toc20754422][bookmark: _Toc20755090][bookmark: _Toc20902828][bookmark: _Toc20918384]RAN2 to confirm support of only independent activation of each CG config (i.e., no group activation).

Further it was agreed in RAN1#97 that joint release in a DCI for two or more configured grant Type 2 configurations for a given BWP of a serving cell shall be supported (depending on FFS details of signalling). For now, RAN2 should take this agreement take into account, e.g. for MAC CE confirmation design, where multiple configurations-release need to be confirmed simultaneously (see also [4]), but it appears that no further RAN2 considerations need to be made as a result of supporting parallel release of multiple CG configurations.
For UL CG, recall that there are differences in the signalling for Type1 and Type2 (e.g., using RRC and DCI, respectively for activation/de-activation).  Both configuration types might need to be re-configured. However, the temporal feature of the control signals differs between Type1 (slower) and Type2 (faster). Therefore, having both Type1 and Type2 simultaneously active in one cell might result in some unexpected conflicts. Since these two CG types target different services/purposes, we do not see any benefits of mixing these two types to be active together for the same BWP. On the other hand, there does not seem to be technical or specification issues with allowing the parallel configuration either, which is in-line with RAN1 analysis. 

UL CG confirmation MAC CE design
The UE triggers a configured grant confirmation MAC CE whenever a PDCCH activation/deactivation command is received. The motivation is that, upon configured grant activation/deactivation, the UE may skip the UL grant instead of sending padding, so that the gNB may not be able to figure out whether the UE successfully received the activation/deactivation command. Current specification (TS 38.321 subclause 6.1.3.7) considers a fixed size, zero-bit configured grant confirmation MAC CE. 
An issue already exists in the case that multiple configured grant configurations are supported on different cells as in NR Rel-15. The zero-bit MAC CE would be ambiguous since it would not be clear for which UL configured grant configuration the UE sent this confirmation MAC CE, especially given that the MAC CE can be sent on any serving cell, as shown in the following figure.
[image: ]
[bookmark: _Ref4084758][bookmark: _Ref4084755]Figure 1 Example of ambiguity due to send confirmation over any serving cell.
1. [bookmark: _Toc4608834][bookmark: _Toc4608868][bookmark: _Toc4673494][bookmark: _Toc7449063][bookmark: _Toc7697976][bookmark: _Toc7716028][bookmark: _Toc11678535][bookmark: _Toc13235232][bookmark: _Toc16259690][bookmark: _Toc16260513][bookmark: _Toc16497729][bookmark: _Toc16498005][bookmark: _Toc16498135][bookmark: _Toc16498274][bookmark: _Toc16498343][bookmark: _Toc16690943]As defined in Rel-15, the zero-bit confirmation MAC CE might be ambiguous, since it is not clear which UL configured grant configuration the UE confirms.

One solution to solve this issue is that gNB can activate/deactivate the UL configured grant configuration in the different cells one by one, i.e., another PDCCH activation/deactivation command is sent upon reception of the confirmation MAC CE for the previous UL configured grant activation/deactivation. However, this has the following drawbacks:
· More signalling to be sent over the air, both in terms of number of PDCCH activation/deactivation commands and confirmation MAC CE;
· UL configured grant activation/release efficiency would be affected, both in terms of latency and resource utilization, since the gNB can only activate or release one single UL configured grant configuration at a time. 
Additionally, the main motivation for multiple simultaneous active CG and SPS configurations for a given BWP of a UE is to support multiple periodic TSN flows. Most likely these flows will be active simultaneously after the schedule computation when integrated with TSN controller and it requires gNB to allocate the CG resources at the same time. However, with zero-bit confirmation MAC CE, the network can only activate each configuration one by one after receiving the confirmation MAC CE from a previous configuration. 
1. [bookmark: _Toc4084598][bookmark: _Toc4084618][bookmark: _Toc4084625][bookmark: _Toc4084637][bookmark: _Toc4084669][bookmark: _Toc4084728][bookmark: _Toc4084776][bookmark: _Toc4412060][bookmark: _Toc4608835][bookmark: _Toc4608869][bookmark: _Toc4673495][bookmark: _Toc7449064][bookmark: _Toc7697977][bookmark: _Toc7716029][bookmark: _Toc11678536][bookmark: _Toc13235233][bookmark: _Toc16259691][bookmark: _Toc16260514][bookmark: _Toc16497730][bookmark: _Toc16498006][bookmark: _Toc16498136][bookmark: _Toc16498275][bookmark: _Toc16498344][bookmark: _Toc16690944]As defined in Rel-15, the zero-bit configured grant (CG) confirmation MAC CE cannot cope with a simultaneous activation requirement of multiple CG.

Another solution is inspired by LTE’s LAA AUL’s multi-bit activation/deactivation MAC CE confirmation (as shown below). Such solution would be to use multi-bit CG MAC CE to support confirmation of activation/deactivation of multiple CG configurations in different cells. This solution alleviates the delay and high number of signalling issue appeared in the previous solution.
Similar to LTE’s multi-bit AUL confirmation MAC CE, we can design a MAC CE that accommodate a binary digit to confirm activation and deactivation.AUL confirmation MAC Control Element in LTE TS 36.321:
 


Figure 6.1.3.16-1: AUL confirmation MAC Control Element of one octet


Figure 6.1.3.16-2: AUL confirmation MAC Control Element of four octets

[bookmark: _Toc4084601][bookmark: _Toc4084621][bookmark: _Toc4084628]Suppose each configured grant configuration is labelled by a configured grant index Ci, then, similar to AUL confirmation MAC CE, each Ci bit indicates whether a PDCCH containing activation/release of the configured grant configuration i has been received (and acted on) or not. 
[bookmark: _Toc11678537][bookmark: _Toc4084602][bookmark: _Toc4084622][bookmark: _Toc4084629][bookmark: _Toc4084639][bookmark: _Toc4084671][bookmark: _Toc4084730][bookmark: _Toc4084778][bookmark: _Toc4412062][bookmark: _Toc4608836][bookmark: _Toc4608870][bookmark: _Toc4673496][bookmark: _Toc7449065][bookmark: _Toc7697978][bookmark: _Toc7716030][bookmark: _Toc11678538][bookmark: _Toc13235234][bookmark: _Toc16259692][bookmark: _Toc16260515][bookmark: _Toc16497731][bookmark: _Toc16498007][bookmark: _Toc16498137][bookmark: _Toc16498276][bookmark: _Toc16498345][bookmark: _Toc16690945]A multi-bit activation/deactivation confirmation MAC CE can enable simultaneous activation of multiple configuration, in which one bit confirms the activation/deactivation of one configured grant configuration. 
If a multi-bit activation/deactivation solution is agreed, some further details related with the numbering of the configured grant configurations need to be discussed.
It is obvious that we should number the configured grant configuration within one MAC entity. In order to have a proper design of the MAC CE, RAN2 needs to further discuss the maximum number of configured grant configurations per MAC entity [3]. Suppose the maximum number is 16, then the size of the payload of the MAC CE is limited to only two bytes (i.e., 16 bits). 
Based on the above analysis, in this paper, we propose that 
[bookmark: _Toc13235458][bookmark: _Toc16239429][bookmark: _Toc16259700][bookmark: _Toc16260523][bookmark: _Toc16260563][bookmark: _Toc16260833][bookmark: _Toc16497733][bookmark: _Toc16498009][bookmark: _Toc16498028][bookmark: _Toc16498131][bookmark: _Toc16498350][bookmark: _Toc16498405][bookmark: _Toc16528768][bookmark: _Toc16690866][bookmark: _Toc16690939][bookmark: _Toc20493470][bookmark: _Toc20748885][bookmark: _Toc20754424][bookmark: _Toc20755092][bookmark: _Toc20902830][bookmark: _Toc20918385]Introduce a multi-bit activation/deactivation confirmation MAC CE in which one bit confirms the activation/deactivation of one configured grant configuration across one MAC entity. 

Conclusion
The following observations have been made:
Proposal 1	Formulas to determine DL SPS assignment occurrences as well as HARQ process ID should be based on OFDM-symbols.
[bookmark: _GoBack]Proposal 2	Clarify the definition of HARQ process configured for configured grants in NOTE 2 of TS 38.321 clause 5.4.1.
A HARQ process is configured for a configured uplink grant if the associated HARQ process ID is larger than or equal to HARQ-proc-Offset_i and smaller than HARQ-proc-Offset_i + nrofHARQ-Processes_i for an active configuration i in which HARQ-proc-Offset_i and nrofHARQ-Processes_i are the parameters for the configuration i.  HARQ-proc-Offset_i is assumed to be 0 if not defined.
Proposal 3	RAN2 to confirm support of only independent activation of each CG config (i.e., no group activation).
Proposal 4	Introduce a multi-bit activation/deactivation confirmation MAC CE in which one bit confirms the activation/deactivation of one configured grant configuration across one MAC entity.
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