3GPP TSG-RAN WG2 Meeting #108	R2-1915692
Reno, USA, 18 – 22 November 2019	

Agenda item:	6.7.2.2.1
Source:	Nokia, Nokia Shanghai Bell
Title:	CG/SPS alignment with TSN periodicity
WID/SID:	NR_IIOT
Document for:	Discussion and Decision
1	Introduction
In RAN plenary meeting #83 one of the TSC topics agreed to be addressed as a part of the WID on “Support of NR Industrial Internet of Things (IoT)” [1] is: 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].
The issue of non-integer multiples of TSC traffic periodicities of CG/SPS periodicities is described in more detail in Table 6.5.2-1 of TR 38.825 [2], where “More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration” was shortlisted as a potential solution.
With respect to this objective, RAN2 has agreed the following:
	· 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.  



In [3] RAN1 replied to the questions asked by RAN2 on the feasibility of shorter SPS periodicities. RAN1 confirmed periodicities of down to slot level are feasible (hence, e.g., 1 or 0.5ms for SCS of 15 or 30 kHz, respectively). 
While the agreed periodicities and configurations are a good starting point to handle TSC flows with arbitrary periodicities, the issues with TSC periodicities that are not among supported CG/SPS periodicities or are non-integer multiple of a TDD period, e.g., 0.625ms should also be considered.  
We discuss in this contribution a further simplified cyclic SPS/CG shifting solution [4] with new compact MAC formula exploiting recently agreed periodicities of N x symbol period and how it can further enhance the performance with low complexity, e.g., flexibility, determinism, efficiency and alignment delay. 
2	Motivation
High spectral and signalling efficiency has been originally a key motivation for the introduction of SPS/CG to provide a good match with periodic traffic flows. Some companies indicated during RAN2#107bis meeting that currently agreed methods that involve using either a lower CG/SPS periodicity or resorting to use multiple CG/SPS configurations for a single TSC flow can be utilized to solve the issue with no further modifications to specifications. However, there are several issues with that approach:
1. Such methods are inefficient for fulfilling demanding TSC QoS targets with misaligned NR CG/SPS or TDD periodicities. With TSC, a misalignment delay should be minimized to avoid sacrificing URLLC grade of latency. 
2. Multiple CG/SPS configurations were specified in order to enable support for multiple TSC flows. Using multiple configurations for a single flow limits the number of flows which can be supported.
3. Using CG/SPS configuration with shorter periodicity suffers from three issues:
a. The signalling of traffic periodicity by TSCAI is done with 1us granularity meaning that there will be some misalignment between the traffic arrival at the UE and the time of data arrival assumed by the gNB. This may result in misalignment between the CG occasion which will be used by the UE and the CG occasion where the gNB expects the UE to transmit.
b. The same issue may be caused by the message arrival jitter. Similarly as above, it may happen that the UE transmits in the CG occasions where the gNB does not expect it to transmit.
c. For downlink direction, there is an additional issue, because SPS skipping is not specified. This means that UE, upon failing to receive data in an SPS occasion, is required to send HARQ-NACK to the network resulting in a lot of signalling. Also, the UE’s power consumption and processing power is unnecessarily impacted. Even if SPS skipping was introduced, the two issues above remain.
Observation 1: The support of arbitrary TSC periodicities with the use of multiple CG/SPS configurations or overprovisioned SPS/CG periodicity suffer from multiple issues making them a highly inefficient solution.  
Therefore, there is a need for the solution that does not suffer from the issues above and which is capable of ensuring that both gNB and UE have the same understanding of which CG/SPS occasion will be used for TSC traffic. Based on that, we propose the following:
Proposal 1: RAN2 should specify the solution for not aligned TSC periodicities support, which allows gNB and UE to unambiguously determine when the data transmission will occur, i.e. which CG/SPS occasion will be used for transmission. 
To achieve that, we believe that determination of CG/SPS occasion to be used for transmission of packets with an misaligned TSC periodicity should be based on the formula specified in MAC specifications.
Proposal 2: To support misaligned TSC periodicities, RAN2 should specify a dedicated CG/SPS occasion determination formula in MAC.
[bookmark: _Hlk21022897][bookmark: _Hlk19794208]A comprehensive comparison for different methods achieving those proposals is presented in [4]. whilst this paper focuses on yet further simplified cyclic SPS/CG shifting method. 

3	Cyclic SPS/CG shifting
This paragraph describes the operation of cyclic SPS/CG shifting used for matching with the requested TSC periodicity that is not aligned with integer multiple of slot or TDD periodicity. Used formulas are based on the assumption that underlying SPS/CG supports periodicities of integer multiple of slot periods.  The cyclic SPS/CG shifting has the following operation principles: 
· For simplification and for most efficient results, Shift is always set to be equal to slot period for FDD or ul_dl_TransmissionPeriodicity for TDD. Shift may also be included to SPS/CG RRC configuration as a number of symbols e.g., for better tailoring. 
· gNB selects normal SPS/CG Periodicity of integer multiple of Shift i.e. slot period or TDD period (for TDD) that is closest to and smaller than the requested TSC periodicity, e.g. with formula below:
· 	Periodicity = Shift × FLOOR(TSCPeriodicity / Shift)gNB determines needed shifting ratio A/B that produces requested TSC period with normal SPS/CG periodicity and shift, where 
· A equals to number of shifts in B periods and 
· B equals to the length of the shifting pattern in number of periodicities. 
The determination of these parameters would be up to network implementation, but an example of a simple formula allowing this could be following: 
A / B = (TSCPeriodicity – Periodicity) / Shift 
· gNB is considering also other related SPS/CG configuration parameters, e.g. a starting time to align with timing of TSC service.
· gNB indicates integer values A and B and Shift in SPS/CG RRC configuration message to UE. 
· The configured grant or SPS occasion determination formulas in MAC would be affected. As an example, MAC formula for CG Type-2 would look as follows (in red, modifications with respect to current CG Type-2 formula are shown) to determine also the reoccurrence of CG shifting. 
[bookmark: _Hlk23342576][(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 + M x Shift] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0 and 0 <= M <= N, where M is incremented for each reoccurrence of shifting at period N when A × N > B × MN-1.
The principle of cyclic shifting operation based on the above description is presented in Figure 1.
[image: ]
[bookmark: _Ref23433071]Figure 1- An example for cyclic CG shifting with TSC periodicity = 4ms and TDD period of 0.625ms => A=2, B=5 

4	Evaluation
A solution for efficient, simple and unambiguous handling of arbitrary TSC periodicities should fulfil the following set of objectives:
· Performance
· Flexibility to support wide range periodicities with minimal (peak) alignment delay
· Small signalling overhead, including the reconfiguration message and reconfiguration periodicity
· Efficient and deterministic mitigation of resource constraints, e.g.: TDD and slot boundaries 
· Complexity
· Small device complexity of supporting this solution
· Small scheduler complexity when the scheme is used to serve multiple TSC flows
· Effort of standardizing the solution in the R16 framework
The peak (worst case) alignment delay (i.e. the delay from expected arrival time of data to CG occurrence) is selected as the key indicator of performance. 
The proposed solution is first evaluated per criteria and eventually the outcome is summarized in Table 1.
4.1	Performance
4.1.1	Flexibility with minimum misalignment 
Cyclic CG/SPS shifting supports wide range of TSC service periodicities with minimum peak alignment delay that is bounded up to shifting step of slot or TDD period. Complete coverage of supported periodicities given as a frequency of integer Hz value in range of 1 and 480Hz can be achieved with 12bit values for A and B parameters. 
Figure 2 below illustrates relative peak alignment delay for TSC periodicities of 2Hz - 2kHz with increment of 1Hz with 30kHz SCS for FDD and in case of TDD with ul-DL-TransmissionPeriodicity of 0.5ms. 
[image: ]
Figure 2 Relative peak alignment delay vs. TSC periodicity for 0.5ms slot or TDD period.
Robustness of formula, e.g. against possible rounding issues is verified by stepping N from 1 to 1000 000 with A=2, B=5, Shift=5ms (TDD period) and periodicity=30ms. The result is shown as a histogram in Figure 3. It shows robustness of formulas and that slot boundaries are not violated or TDD DL collisions occurred due to e.g., rounding issues.
[image: ]
Figure 3 Histogram of periods when N is stepped from 1 to 1 000 000.
4.1.2 Signalling overhead
Signalling overhead in cyclic CG/SPS shifting can be just parameters A and B, e.g., 3 octets and one octet for Shift in SPS/CG configuration, which is normally signalled at start of SPS/CG only once. 
4.1.3 Mitigation of resource constraints
Cyclic shifting provides robust and simple mitigation of TDD UL/DL constraints by selecting the basic periodicity and shifting step as N x dl_UL_TransmissionPeriodicity, where N is positive integer. Violation of slot boundaries can be avoided similarly, in FDD. Multiplexing UEs applying the same TSC periodicity can be done in time domain with a time offset between users. UEs with different non multiple periodicity can be multiplexed in frequency domain. 
4.2	Complexity
4.2.1	Device complexity
Using A and B to determine reoccurrences of shifting at first run of B periods can be repeated cyclically for subsequent reoccurrences as a pattern. The complexity in UE to implement is low, because a deterministic formula with simple integer operations is applied. 
4.2.2	Scheduler complexity
Scheduler needs to determine A, B and basic CG/SPS periodicity only once and employ updated MAC formula. 
4.2.3 Effort of standardizing the solution in the R16 framework
In order to support the solution, MAC and RRC specifications require rather small modifications. MAC specification needs to be extended with determination of SPS/CG shifting (re)occurrences with introduction of RRC configured parameters A and B and Shift. New formula for CG/SPS occasion determination based on these parameters needs to be specified as well in MAC specification for example the one indicated above). 
4.3 Summary
The following table summarizes evaluation results for cyclic SPS/CG shifting.  
Table 1. Summary of the proposed solutions.
	KPI criteria
	Cyclic SPS/CG shifting

	Flexibility and Efficiency
	High

	Signalling overhead (RRC and MAC)
	[bookmark: _GoBack]Very Low

	Mitigation of resource constraints
	Robust and simple.

	UE complexity
	Low

	Scheduler complexity
	Low

	Standardization effort
	Medium


[bookmark: _Hlk23371875]
Observation 2: Cyclic SPS/CG shifting performs well on matching with TSC periodicity and has small complexity.
Based on the above analysis and observations, we therefore have the following proposals:
Proposal 3: Introduce cyclic SPS/CG shifting as described in the paper for support for aligning with TSC periodicities. 
Proposal 3.1: MAC specification should be enhanced with determination of cyclic CG/SPS shifting reoccurrences based on RRC configured shifting ratio parameters [A] and [B] and Shift.
5	Conclusion   
During comparison of solution proposals to support arbitrary TSC periodicities the following observations have been made. 
Observation 1: The support of arbitrary TSC periodicities with the use of multiple CG/SPS configurations or overprovisioned SPS/CG periodicity suffer from multiple issues making them a highly inefficient solution.  
Observation 2: Cyclic SPS/CG shifting performs well on matching with TSC periodicity and has small complexity.
Based on the above analysis and observations, we therefore have the following proposals: 
Proposal 1: RAN2 should specify the solution for not aligned TSC periodicities support, which allows gNB and UE to unambiguously determine when the data transmission will occur, i.e. which CG/SPS occasion will be used for transmission. 
Proposal 2: To support misaligned TSC periodicities, RAN2 should specify a dedicated CG/SPS occasion determination formula in MAC.
Proposal 3: Introduce cyclic SPS/CG shifting as described in the paper for support for aligning with TSC periodicities. 
Proposal 3.1: MAC specification should be enhanced with determination of cyclic CG/SPS shifting reoccurrences based on RRC configured shifting ratio parameters [A] and [B] and Shift.
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