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1. Introduction

From TR 22.804 [1], applications in different use cases will generate packets with different range of periodicities/cycle times. As shown in section 5.3.6.6 of [1], in Factories of the Future 6.4, messages are generated with cycle time of 12 ms. Besides, as shown in 5.3.7.6 of [1], for different use cases in Factories of the Future 7.1, messages are generated with different period ranges. For example, periods of packets generated for machine control will be within the range of 1 ms to 10 ms, and periods of packets generated for standard mobile robot operation and traffic management will be within the range of 40 ms to 500 ms.
In the WID for NR IIoT [2], the following objectives for supporting TSC traffic are listed:

	1. The detailed objectives for NR TSC-related enhancements include:

· 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.


One of the objectives is to support TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities. Considering various TSC applications with a large range of periodicities of data packets, it is beneficial to support flexible periodicities for Configured Grant (CG) and to keep pre-configured transmission resources to be aligning with TSC traffic patterns. In this contribution, we discuss two cases: first case is on that the TSC message periodicity is not integer multiple of NR supported CG/SPS periodicities; second case is on that the TSC message periodicity aligns with one NR supported CG/SPS periodicity but such a periodicity is not integer divisor of 10240 ms.

2. Discussion

2.1 More SPS/CG resource periodicities
More SPS/CG resource periodicities might be needed to address the issue when TSC periodicities being non-integer multiple of NR supported CG/SPS periodicities.

One purpose of introducing CG/SPS is to keep the configured periodical resources being aligned with the traffic pattern of a service, in order to meet the service’s performance requirement (e.g. latency, reliability). In this section, we take CG for uplink TSC traffic as examples. If the periodicity of CG is shorter than the periodicity of packets generated by the service, a proportion of CG resources may be wasted, which will cause resource inefficiency. On the contrary, if the periodicity of CG is larger than that of packets, there is a risk that the performance requirement of the service can’t be fulfilled since some packets will have to wait for a longer time before an appropriate resource arrives. It is most beneficial to configure the periodicity of CG as close as possible to the specific cycle time of the service. In NR R15, only some discrete periodicities of CG are supported as below, excerpted from TS 38.331 [5]. 
	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).

The following periodicities are supported depending on the configured subcarrier spacing [symbols]:

15kHz: 




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

30kHz: 




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

60kHz 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}

60kHz 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}

120kHz: 




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}


These discrete periodicity values are not enough for various TSC services. We think more flexible periodicities should be supported for CG/SPS, at least including 12 ms required by Factories of the Future 6.4. As shown in Factories of the Future 7.1, the periodicity of packets generated by TSC services may range from 1 ms to 500 ms. In order to better keep configured resources aligning with TSC traffic patterns, we propose that CG/SPS periodicities of any integer-multiple of one slot below a maximum value should also be supported, which means for periodicity of ‘n*14’ symbols, ‘n’ can be any integer values below a maximum value. 

Proposal 1: More periodicities should be supported for CG/SPS, such as any integer-multiple of one slot while below a maximum value.
2.2 SPS/CG resource allocation
As described in TR 38.825 [3], the periodicity of TSC data packets depends on the specific application and in majority of the use cases, it is not possible to modify it. As shown in [4], there exist some TSC use cases where the periodicities of messages generated are not integer-multiple of NR supported symbol or slot periods. In NR, the boundary of allocated resource should be aligned with the boundary of symbol or slot, thus it is impossible to directly support such TSC services with current SPS/CG periodicities supported in NR R15.
In TR 38.825, several potential solutions that could help in mitigating such issue are listed. One solution is usage of short SPS/CG periodicities and/or multiple SPS/CG configurations. Such solution is useful to guarantee the latency requirement of TSC traffic, since any time when service data arrives, there will be available SPS/CG resources in a short time gap, which is no larger than the SPS/CG periodicity. But the side effect is waste of resource. When short SPS/CG periodicities combined with multiple SPS/CG configurations are used to support just one TSC traffic with periodicity being non-integer multiple NR supported periodicities, the resource usage inefficiency would be much worse.
Another solution is adjusting SPS/CG resource by RRC reconfiguration. In this solution, the SPS/CG periodicity can be configured as close as possible to the TSC traffic periodicity. The mismatch between arrival periodicity of TSC traffic and SPS/CG periodicity will accumulate over time and result in increasing latency. When the mismatch is too large to accept, a reconfiguration command should be used to adjust the SPS/CG resource. For CG type 1, RRC reconfiguration message is to be used. For CG type 2 or SPS, DCI command can be used. In some cases, such adjustment is needed very frequent thus the signalling overhead could be significant.

In order to avoid resource waste and signalling overhead, we think the pre-configured resources can be allocated based on the knowledge of TSC traffic pattern. The following two alternatives can be further studied:

Alt-1: Bitmap based resource configuration is provided by the network. 

The WID for IIoT includes support of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL). Based on the TSC traffic pattern related information, the gNB has the knowledge about when the TSC messages need to be transmitted. The gNB can allocate an appropriate transmission resource accordingly that satisfies the latency requirement, as well as resource restrictions. 

Fig.1 shows an example of such configuration. The TSC traffic messages are assumed to be generated every 1.6 ms, and the first message arrives at time 0 ms. Assuming an appropriate transmission resource should occupy a slot. Then the gNB can allocate a UL grant in each slot after the time point a message arrives. In the short term, the allocated UL grants are not periodical. However, in the long term, the allocated UL grants repeat every 8 ms. A bitmap can be used to represent the pre-allocated resource pattern during 8 ms, such as ‘10101101’. The first bit represents the first slot, and the second bit represents the second slot, and so on. Bit ‘1’ means there is a pre-configured UL grant in the corresponding slot, and ‘0’ means otherwise. If there is a pre-configured UL grant in a slot, the time-frequency of the grant should also be configured/indicated by the gNB. Then the pre-allocated resource pattern repeats every 8 ms. It should be noted that similar bitmap based resource allocation mechanism is adopted in AUL of LTE.
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Fig.1 Illustration of bitmap based resource allocation
In this alternative, the bitmap is generated by the gNB based on the knowledge of TSC traffic pattern. Resource waste and signalling overhead could be kept at minimal level.
Alt-2: UE derives the positions of pre-configured resources based on TSC traffic pattern and resource restrictions. 

In this alternative, the TSC traffic pattern and resource restrictions can be configured/notified to UE. UE has the knowledge about when the TSC messages need to be transmitted. According to the configured resource restrictions, UE can derive the appropriate transmission resource after each time point a TSC message arrives.

Fig.2 shows an example of this alternative solution. The TSC traffic messages are assumed to be generated every 1.6 ms, and the first UL message arrives at time 0 ms. The gNB provides the TSC traffic pattern to UE. Besides, a resource restriction is also configured, such as an appropriate transmission resource should occupy a complete slot. The frequency location of each pre-configured resource can be configured/indicated by the gNB. The time location of each resource will be derived by UE based on TSC traffic pattern related information and configured resource restrictions. As shown in Fig.2, the derived pre-allocated UL grant for the packet arrived at 0.0 ms locates in the first slot. The derived UL grant for the packet arrived at 1.6 ms locates in the third slot, and so on.
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Fig.2 Illustration of UE-deriving based resource allocation
In this alternative, the pre-configured transmission resources are derived by UE based on TSC traffic pattern and resource restrictions. The gNB has the same understanding of the time-frequency locations of pre-allocated UL grant with UE. Resource waste and signalling overhead could be kept at minimal level.
Proposal 2: The following two alternatives can be considered to support TSC traffic with periodicities being non-integer multiple of NR supported periodicities:


Alt-1: Bitmap based resource configuration is provided by the network.


Alt-2: UE derives the positions of pre-configured resources based on TSC traffic pattern and resource 




restrictions.
2.3 When SPS/CG periodicity is non-integer divisor of 10240 ms

When a CG is configured and activated, the MAC entity will derive where in time domain uplink CGs will occur, based on the equations defined in section 5.8.2 of TS 38.321 [6]. For a CG type 1, the exact equation is as follows:

	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.


SFNs are sequentially numbered with 0 to 1023, and then wrap around to number 0. We can name the time duration from the first subframe of SFN 0 to the last subframe of SFN 1023 as a SFN cycle, which contains 1024 SFNs or is 10240 ms long. On the right hand side of the above equation, ‘1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot’ is a SFN cycle. Based on the equation, we can find the derived transmission opportunities in one SFN cycle are identical with those in other SFN cycles. Take the following Fig.3 as an example, when a CG with periodicity 10 ms is activated, MAC derives that transmission opportunities in a SFN cycle recur at SFN=0, 1, 2, … ,1023. Then in the each later SFN cycle, transmission opportunities will also recur at SFN=0, 1, 2… etc.

Besides, all supported periodicities in NR R15 are integer divisor of 10240 ms. The time interval between any two adjacent uplink CGs equals to the periodicity, including the time interval between the grant just before SFN warps around and the grant just after SFN warps around.
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Fig.3 positions of transmission opportunities
Observation 1: In NR R15, all supported periodicities of CG are integer divisor of 10240ms, and the time interval between any two adjacent uplink CGs equals to the periodicity.

When considering more CG periodicities in R16, there may exist periodicity values that aren’t integer divisor of 10240 ms, such as 12 ms. For CG with such periodicity, if we still rely on the R15 equation to derive transmission opportunities in each SFN cycle hence positions of transmission opportunities in different SFN cycles are identical, there may be a problem that transmission opportunities misalign with the TSC traffic when SFN warps around. 

Take the following Fig.4 as an example. To support a TSC service generating packets with periodicity=12 ms, a CG with periodicity=12 ms is configured and activated. MAC derives that transmission opportunities in the first SFN cycle recur at SFN=0, subframe #2 of SFN=1, subframe #4 of SFN=2, …, subframe #6 of SFN 1023. In the first SFN cycle, the transmission opportunities align with the TSC service. When SFN warps around and in the second SFN cycle, the transmission opportunities will also recur at SFN=0, subframe #2 of SFN=1 and so on. Thus, the time interval between the grant just before SFN warps around and the grant just after SFN warps around is not equal to the TSC periodicity. This will arise that in the second SFN cycle, the transmission opportunities misalign with the TSC service. 
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Fig.4 configured resources misalign with TSC traffic when SFN warps around
Observation 2: If a CG periodicity that is not integer divisor of 10240 ms is configured, the derived transmission opportunities based on the R15 equations may misalign with the TSC traffic when SFN warps around.

This misalignment cannot be ignored if the TSC service is latency critical, e.g. URLLC service. As shown in Fig.4, each packet arrives during the second SFN cycle has to wait as long as 4 ms for an appropriate uplink CG, which brings an unnecessary latency. A straight way to eliminate this latency is to rely on re-configuration/re-activation method. For a CG type 1, each time when SFN warps around, a RRC reconfiguration message can be used to adjust the CG resources in the new SFN cycle. Similarly, for a CG type 2, a re-activation DCI command can be used to adjust the configured resources when SFN warps around. However, the signalling overhead of this re-configuration/re-activation method can be significant. Considering a situation where a serving cell serves tens of TSC UEs, and each UE is configured with multiple active CGs with flexible periodicities, up to hundreds of RRC re-configuration messages or DCI re-activation commands need to be simultaneously sent to all involved UEs for CG adjustment each time when SFN warps around. This adjustment should be repeated each 10240 mini-seconds.

Observation 3: When relying on re-configuration/re-activation method, the signalling overhead is significant since multiple re-configuration/re-activation commands should be sent to all involved UEs each time when SFN warps around.

The above discussed issues also exist for SPS. We think the proposed two alternatives in section 2.2 can also be used to determine the transmission opportunities of CG/SPS when a new CG/SPS periodicity is not integer-divisor of 1024ms. . 

Proposal 3: The proposed two alternatives in proposal 2 can also be considered to determine the transmission opportunities of CG/SPS with a periodicity which is not an integer divisor of 10240ms.
3. Conclusion

In this contribution, we discussed solutions to support non-integer multiple of NR supported CG/SPS periodicities, as well as CG/SPS periodicities being non-integer divisor of 10240 ms, and made the following observations and proposals:

Observation 1: In NR R15, all supported periodicities of CG are integer divisor of 10240ms, and the time interval between any two adjacent uplink CGs equals to the periodicity.

Observation 2: If a CG periodicity that is not integer divisor of 10240 ms is configured, the derived transmission opportunities based on the R15 equations may misalign with the TSC traffic when SFN warps around.

Observation 3: When relying on re-configuration/re-activation method, the signalling overhead is significant since multiple re-configuration/re-activation commands should be sent to all involved UEs each time when SFN warps around.

Proposal 1: More periodicities should be supported for CG/SPS, such as any integer-multiple of one slot while below a maximum value.

Proposal 2: The following two alternatives can be considered to support TSC traffic with periodicities being non-integer multiple of NR supported periodicities:


Alt-1: Bitmap based resource configuration is provided by the network.


Alt-2: UE derives the positions of pre-configured resources based on TSC traffic pattern and resource 




restrictions.
Proposal 3: The proposed two alternatives in proposal 2 can also be considered to determine the transmission opportunities of CG/SPS with a periodicity which is not an integer divisor of 10240ms.
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