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1 
Introduction

In RAN plenary meeting #83 the following TSC topics were agreed to be studied in the WID on “Support of NR Industrial Internet of Things (IoT)” [1]:
	RP-190728


	· Specify accurate reference timing delivery from gNB to UE using broadcast and unicast RRC signalling (with EUTRA Rel-15 signalling solution as baseline) for synchronization requirements defined in TS 22.104) [RAN2].

· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 

· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].

· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].

· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].

· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].

· Specify Ethernet header compression based on structure-aware algorithm [RAN2].
· Ethernet header compression solution for LTE to be specified once the design principle for NR is agreed. The impacted LTE specifications to be added latest at RAN#85.


In RAN2#105bis meeting, the following agreements were reached [2]:
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Based on the above, RAN2 issued an LS [2] to RAN1 with three questions. The questions Q1 and Q2 and respective reply from RAN1#97 [3] were as follows: 
	Q1: RAN2 would like to kindly ask RAN1 whether from PHY layer perspective there is a difference or preference, e.g. in terms of complexity to, to support 8 or 16 configurations.

Answer to Q1: RAN1 had discussed the maximum number of SPS configurations for a given BWP of a serving cell, and achieved the following agreement in RAN1#97. It is RAN1 understanding that RAN2 will take into account RAN1 agreement below in selecting the maximum number of SPS configurations for a given BWP of a serving cell.
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


	Q2: RAN2 would like to kindly ask RAN1 about:

· the feasibility to support SPS periodicities of at least 0.5 ms

· the feasibility to support SPS periodicities shorter than 0.5 ms, e.g. down to 2 symbols
· any additional limitations for the above e.g. in terms of supported SCS, HARQ-ACK feedback
Answer to Q2: RAN1 had discussed the feasibility of support for shorter SPS periodicities, and achieved the following agreement on the feasibility to support periodicity down to 1 slot in RAN1#97.
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

On the other hand, regarding the feasibility on support of periodicity shorter than 1 slot, the following conclusion was made.

Conclusion:

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



Besides, the following was agreed in RAN1#97 regarding the maximum number of active CG configurations [4]:
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In this contribution we continue the discussion based on the reply from RAN1. We focus on the support for arbitrary periodicity for SPS/CG and on the number of configurations for a UE. Further discussion related to the activation/deactivation of multiple SPS/CG is provided in our companion contributions [5] and [6].
2 
Discussion
2.1 Multiple active SPS configurations per BWP
In previous RAN2 meetings, a consensus was reached on the benefit of supporting multiple SPS configurations for NR IIoT. Multiple active SPS configurations can be used to support multiple parallel periodic flows in DL direction, and/or to reduce the time misalignment when serving traffic with non-integer periodicities. 
In the LS [2], RAN2 indicated that the maximum number of active SPS configurations for a given BWP should be either 8 or 16. In the UL, up to 12 active simultaneous CG configurations have been agreed in RAN1#97 [4], whereas the maximum number of simultaneous configurations is still open for DL SPS. CG should be needed also for the support of sporadic URLLC-like traffic in UL, but that is not the case in the DL, where dynamic scheduling can be used for that purpose.  So, we believe that 8 simultaneous active SPS configurations per BWP should be enough for the use cases identified by RAN2. This is aligned also with RAN1 understanding, as mentioned in their reply LS [3].
Proposal 1: Support up to 8 simultaneously active SPS configurations per BWP.
2.2 SPS/CG periodicity
As discussed in previous RAN2 meetings, periodicities as low as 0.5 ms are required for supporting TSC use cases like motion control systems. CG already supports short periodicities down to 2 symbols for all SCSs, while the minimum periodicity for DL SPS is 10 ms. Considering the LS reply for Q2 [2], the SPS periodicity of 1 slot for all SCSs can be supported from RAN1 perspective. While RAN1 continues to study the support for periodicities shorter than 1 slot for SPS, we believe that the support for periodicities down to one slot can already be agreed.
Proposal 2: At least SPS periodicities down to one slot should be supported. 
As described in [7] diverse requirements are present for periodic deterministic communication. The periodicity of the generated traffic varies depending on the application. Besides, the cycle time of periodic deterministic communication are often presented in ranges. For example, assembly robots have a cycle time of 4 ms to 8 ms, whereas standard mobile robot operation and traffic management have cycle times between 40 ms to 500 ms .
It was indicated, e.g. in [9], that it is desirable to have the SPS/CG allocations periodicity aligned as much as possible with the generated data and we agree with this view. Thanks to that we can avoid waste of resources or prevent the latency constraint for the deterministic traffic from being violated. However, for SPS the only supported periodicities as defined in [8] are:

· 10 ms, 20 ms, 32 ms, 40 ms, 64 ms, 80 ms, 128 ms, 160 ms, 320 ms, 640 ms. 

For CG type-1 and type-2, the supported periodicities (in symbols) for each subcarrier spacing are:
· 15 kHz:




2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}

· 30 kHz:




2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}

· 60 kHz with normal CP:
2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}

· 60 kHz with ECP:

2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}

· 120 kHz:




2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}

Let us consider, for example, a periodic traffic with cycle time of 50 ms and a network with SCS of 30 kHz. In UL, the periodicity options for CG closer to the traffic periodicity are 40 ms or 64 ms (with n=80 and n=128, respectively). To avoid long delays, a periodicity of 40 ms would be needed; however, it would result in wasted CG resources from time to time. While in DL, an SPS opportunity scheduled at every 40 ms for that traffic would result in wasted energy consumption from the UE trying to decode resources with higher periodicity than the actual traffic. In any case, a periodicity configuration of 50 ms matching with the traffic would be more efficient.
Observation 1: The configuration of an SPS/CG periodicity lower than the traffic periodicity can result in waste of resources while the configuration of higher periodicity leads to delays.  
In case of deterministic traffic in the uplink, one could say that the gNB can over-provision CG resources and based on its knowledge from the traffic from the TSCAI, it could deduce when the UE will transmit. Thus, the gNB would just need to monitor the specific resources to be used. The remaining resources could also be allocated to other users to avoid waste. However, this cannot be always assumed, unless the LCH is strictly used for the deterministic traffic. So far, such kind of LCH restriction has not been agreed. It means that the UE can use the granted resources for transmitting non-deterministic traffic. Therefore, the resources which are not to be used for periodic traffic should not be allocated to other UEs due to the risk of collision. Besides, the gNB would still need to blindly detect the UE transmission on all the granted resources, incurring high processing effort.
It is worth mentioning that even if more periodicities are supported, there can still be cases where the traffic periodicity is not an integer multiple of the existing SPS/CG periodicities. One example is on smart grid applications where a transfer interval of 0,833 ms is required [8]. The support for periodicities of non-integer multiple of SPS/CG periodicities is discussed in our companion contribution [10].
Proposal 3: Support arbitrary value n≥1 in number of slots for SPS and CG periodicity. The maximum value of n can be the same as it is currently defined for CG for each SCS.  
Particularly for use cases where the traffic periodicity is not a multiple of one slot, e.g. control-to-control communication (motion subsystems) where transfer interval can be any value ≤ 4 ms, it is also useful to increase the granularity of the supported periodicities. For CG, where sub-slot periodicity is already supported, an arbitrary periodicity multiple of 2 or 7 could also be included for addressing these use cases.

Proposal 4: For CG periodicities, support selecting n*2, n*7 or n*14 (n*2, n*6 or n*12 for ECP) with arbitrary values of n≥1.

As also discussed in [9], the currently supported periodicities in Rel-15 are integer divisor of 10240 ms, which corresponds to the time duration of 1024 SFNs. Such periodicities ensure that, at any SFN cycle (SFN 0 to SFN 1023), the transmission opportunities will have the same position relative to SFN 0, as shown in Figure 1.

[image: image3]
Figure 1: Example of transmission opportunities using periodicity values which are divisor of 10240 ms.
On the other hand, if NR enables the support for new periodicities which are non-divisor of 10240 ms, then there might be an ambiguity regarding the transmission opportunities in different SFN cycles, as illustrated in Figure 2.
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Figure 2: Example of transmission opportunities using periodicity values which are non-divisor of 10240 ms.
For SPS, the Release-15 specifies that [11]:

After a downlink assignment is configured for SPS, the MAC entity shall consider sequentially that the Nth downlink assignment occurs in the slot for which:

(numberOfSlotsPerFrame × SFN + slot number in the frame) =
[(numberOfSlotsPerFrame × SFNstart time + slotstart time) + N × periodicity × numberOfSlotsPerFrame / 10] modulo (1024 × numberOfSlotsPerFrame)

where SFNstart time and slotstart time are the SFN and slot, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.

Therefore, since N is sequential, i.e. working as a counter beginning from the start time of the activation, the mentioned ambiguity does not exist.

Observation 2: Release-15 specifications for determining valid SPS occasions allow to support SPS periodicities that are non-integer divisor of 10240 ms.
While for CG Type-1 and Type-2, it is specified that:

After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider that the uplink grant recurs associated with each symbol for which:

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
 (timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.

After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider that the uplink grant 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 opportunity of PUSCH where the configured uplink grant was (re-)initialised.

In other words, the intended Release-15 behaviour is to allow a UE to start a CG transmission right after the reception of the RRC configuration message (for Type-1 CGs) or the activation DCI (for Type-2 CGs) using any value of N that satisfies the formula. It is clear that this does not allow the support of periodicities which are non-divisor of 10240 ms. 
For Type-2 CG, one solution is to define N in a similar way as it is done for SPS, for instance:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth uplink grant recurs occurs 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 opportunity of PUSCH where the configured uplink grant was (re-)initialised.

Note that this is just a minor change in the formulation, which is fully compliant with the Release-15 behaviour for Type-2 CGs. 

For Type-1 CGs, additional changes are required in order to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration (instead of waiting to the transmit occasion corresponding to N=0). In this regard, one simple solution would be the following:

· Upon receiving the RRC configuration message of a Type-1 CG, UE identifies the lowest N value corresponding to the nearest available CG occasion.

· UE increments N after each CG occasion starting from the N identified in the first step.
This is illustrated in Figure 3, where the UE’s first CG transmit occasion corresponds to N=2, second CG transmit occasion corresponds to N=3, and so on.
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Figure 3: Example of transmission opportunities and for the described CG Type-1 operation.
Observation 3: Release-15 specifications for determining valid CG occasions do NOT allow the support of periodicities that are non-integer divisor of 10240 ms.

· For Type-2 CGs, one potential solution is to adopt similar formulation as for SPS for determining the next CG transmission occasion.

· Additional modifications are required for Type-1 CGs to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration.
One open issue is related to the uncertainty of when the CG Type-1 RRC configuration will be received and applied by the UE. With regards to Figure 3, receiving and applying the RRC configuration on the second SFN cycle (right side), would result in different time offsets than the ones depicted. This may be problematic in case the gNB expects the RRC configuration to be applied in the first cycle but is instead applied in the second cycle e.g. due to long delays (HARQ, etc.) of the PDSCH containing the RRC configuration. In our view, this issue can be solved if the gNB avoids CG Type-1 configuration during the last few milliseconds of an SFN cycle (e.g. depending on worst-case RRC configuration delays).

Proposal 5: RAN2 should further study and discuss mechanisms to allow CG periodicities that are non-integer divisor of 10240 ms.
3 
Conclusions

In the paper, we made the following observations:
Observation 1: The configuration of an SPS/CG periodicity lower than the traffic periodicity can result in waste of resources while the configuration of higher periodicity leads to delays.  
Observation 2: Release-15 specifications for determining valid SPS occasions allow to support SPS periodicities that are non-integer divisor of 10240 ms.
Observation 3: Release-15 specifications for determining valid CG occasions do NOT allow the support of periodicities that are non-integer divisor of 10240 ms.

· For Type-2 CGs, one potential solution is to adopt similar formulation as for SPS for determining the next CG transmission occasion.

· Additional modifications are required for Type-1 CGs to allow the UE to start the CG transmission as fast as possible after the reception of the RRC configuration.
Based on the discussions, we have the following proposals:

Proposal 1: Support up to 8 simultaneously active SPS configurations per BWP.
Proposal 2: At least SPS periodicities down to one slot should be supported. 
Proposal 3: Support arbitrary value n≥1 in number of slots for SPS and CG periodicity. The maximum value of n can be the same as it is currently defined for CG for each SCS.  
Proposal 4: For CG periodicities, support selecting n*2, n*7 or n*14 (n*2, n*6 or n*12 for ECP) with arbitrary values of n≥1.

Proposal 5: RAN2 should further study and discuss mechanisms to allow CG periodicities that are non-integer divisor of 10240 ms.
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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








Agreements:


For the maximum number of UL CG configurations per BWP of a serving cell: 12











[image: image6.png]Different offset from SFN 0, for periodicities non-divisor of 10240 ms
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[image: image7.png]Equal offset from SFN 0, for periodicities divisor of 10240 ms
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