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1 Introduction

In RAN2#107bis, RAN2 agreed finer periodicity for configured grant and semi-persistent scheduling as follows:
· CG periodicities of any integer-multiple of one slot (FFS if we go even lower, e.g. 2 symb, 7 symb) below a maximum value should be supported. FFS on the maximum value of integer N. 

· SPS periodicities of any integer-multiple of one slot below a maximum value should be supported in Rel-16. FFS on the maximum value of integer N.
In RAN2#108, further agreements were made as follows:
· For CG/SPS periodicity determination, support the maximum values of N as specified already, depending on SCS, i.e. N= 640 for 15kHz, 1280 for 30kHz, 2560 for 60kHz and 5120 for 120kHz.

· In MAC specifications, correct formulas for CG occasion determination so that they consider N sequentially, as for SPS.

· HARQ process ID determination with multiple SPS configurations is based on the following formula: HARQ Process ID = [floor(CURRENT_slot/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, Where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame]
· In Rel-16, SPS periodicities in RRC are expressed in number of slots.

This contribution discusses the ambiguity of type 1 CG occasion and how to resolve this issue. 
2 Discussion
In Rel-15 MAC specification [1], CG periodicity of divisor of 10240ms is supported. Since RAN2 now supports any integer periodicity of one slot, the MAC running CR [2] has been updated to support this feature that the MAC entity considers sequentially Nth uplink grant, as similar as downlink SPS:
	After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the Nth uplink grant occurs in the 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 sequentially that the Nth uplink grant occurs in the 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).

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.


Even though the formula for type 1 CG has been modified together with type 2 CG, it seems not complete and there is an ambiguity to UE side. The configuration and activation are done together by RRC signaling which may have some retransmissions, so the exact time of RRC configuration for the type 1 CG is not fixed. In other words, at the generation of RRC message, gNB is not 100% sure when the UE can activate the type 1 CG. A more severe problem is that UE may have an ambiguity from which system frame boundary with SFN=0 UE should apply the offset. In the figure below, we can see two possible interpretations from UE. 
· Case 1: RRC configuration for the type 1 CG was generated before the nearest start boundary of the system frame with SFN=0 in the past. UE should apply the offset from the start frame of the last hyperframe, considering the HARQ/ARQ retransmission delay.
· Case 2: RRC configuration for the type 1 CG was generated after the nearest start boundary of the system frame with SFN=0 in the past. UE should apply the offset from the nearest start boundary of the system frame with SFN=0 in the past.
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Figure 1. Ambiguity on system frame boundary for timeDomainOffset + S.
Note that UE should not apply the offset from the next start boundary of the system frame with SFN=0. It was discussed during rel-15 NR [1] and fixed to the current texts. Thus, it should not be the intended behavior. The problem is that UE does now know which case happens. This implies the misconfiguration of type 1 CG due to the retransmission delay. 
Observation 1. Description for DL SPS cannot be reused as it is for type 1 CG to support non-divisor of 10240ms, due to ambiguity of SFN=0 boundary.

One could argue that we can resolve the issue to prohibit gNB to send the configuration immediately before system frame boundary with SFN=0. In our view, this time length is hundreds of ms to 1sec, which is not negligible compared to SFN cycle, i.e. 10.24sec. If we go with this option, gNB has a huge restriction on gNB implementation for the time to send an RRC message with CG configuration. gNB implementation may need to consider to delay the CG configuration. 
Observation 2. gNB implementation does not resolve the issue.

We could consider one of the following options:
· Option 1: Introduce timeReferenceSFN  in RRC CG Type 1 configuration
· Option 2: UE considers that CG type 1 is activated at the time that is closest to the point when the RRC (re)-configuration message is received
· Option 3: UE applies timeDomainOffset at every SFN 0 boundary.
Option 2 is almost the same as the current formula which gives ambiguity nearby SFN=0. Since UE should check which SFN=0 boundary is the closest, it will give another ambiguity nearby the middle of the hyperframe boundary. Thus Option 2 still does not resolve the problem. Option 1 looks simple and resolves the issue completely. Option 3 is also simple. But it break the periodicity at every SFN=0. But we are fine with Option 3, if companies think Option 1 is too complicated to implement.
Proposal 1. RAN2 to choose one of the following options:
· Option 1: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration
· Option 3: Applies timeDomainOffset at every beginning of SFN=0 boundary

3 Conclusion

In this contribution, we propose:
Proposal 1. RAN2 to choose one of the following options:
· Option 1: Introduce a timeReferenceSFN  in RRC CG Type 1 configuration
· Option 3: Applies timeDomainOffset at every beginning of SFN=0 boundary
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