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1	Introduction
In the RAN2#108 meeting, the following agreements were reached when it comes to scheduling: 
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 addition to specific CG-LCH mapping It should be possible to configure that all CGs are allowed, and none of the CGs are allowed 
Multiple CG activation/deactivation confirmation MAC CE contains only a bitmap of CG configurations using CG ID unique per MAC entity and configured by RRC in addition to CG ID introduced by RAN1.
Multiple CG activation/deactivation confirmation MAC CE uses new LCID value.
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.
We don’t introduce additional mechanism to align CG/SPS to TSC traffic pattern period

In this contribution we discuss the remaining issues for DL SPS and UL CG.
[bookmark: _Ref178064866]2	Discussion
2.1 SFN misalignment issue with periodicities which are non-divisor of 10240 ms
In the following, we discuss this issue and the solution based on the endorsed MAC CR [2] as below:
	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.



In the offline summary from the last meeting [1], the issue with SFN misalignment was discussed but two of the proposals related with configured grant type 1 were postponed. The problem is illustrated in the following figure. If the RRC configuration message is received in the other hyper frame than the one that the message is transmitted from the network, there can be a misunderstanding between network and UE on where the time resource allocation should be started. 
[image: ]
This is similar to reference time delivery problem due to uncertain RRC message retransmission delay. The general principle should be as simple as that UE consider the time resource allocation is started from the occasion which is closest in time to when the RRC message is received. Therefore, the timeDomainOffset should be able to indicate an offset within the entire HFN.
Note that periodicity values are specified in symbols, i.e., for SCS 120kHz: 5120 symbols. However, the timeDomainOffset (as becomes obvious from the formula) is specified in slots, maximum value: 5119 (slots). An HFN is defined to have always 10240 ms, meaning for SCS 120kHz (i.e. slot duration is 1ms/8), the number of slots is 81920 slots. 
To indicate with timeDomainOffset the entire slot range of one HFN, timeDomainOffset should be extended to cover the range 0…81919. Currently, the RRC configuration maximum value for timeDomainOffset is 5120, since it has been designed to indicate only an offset smaller than the maximum periodicity, and as such it was able to correctly indicate the starting point of a periodical resource, for which however the starting point was ambiguous (formula was defined as non-sequential). With this definition it would not serve to indicate non-ambiguous starting points, i.e. offsets in the end of the HFN, that are larger or multiples of the maximum periodicity. Therefore, its maximum value would need to be adjusted.  
One straightforward solution is to extend the range of the value from 5119 to 81919, which means four extra bits in RRC reconfiguration. UE considers the resource allocation valid from the HFN with indicated by timeDomainOffset which is closest to the point when the RRC message is received.
[bookmark: _Ref28873021][bookmark: _Toc32513246]Extend timeDomainOffset value to 5120*16-1 = 81919. 
[bookmark: _Ref28873027][bookmark: _Toc32513247]Add a note in MAC spec that: UE considers the 1st configured uplink grant is from the time which is closest to when the RRC message is received, i.e. considers the HFN with indicated timeDomainOffset closest to where RRC message is received. 

The alternative solutions proposed in R2-1916527, copied below, can also work. But we have a preference for the Proposal 1 and Proposal 2. The main reason is that with P1,2 the formulas to calculate configured grant slot are kept aligned in the MAC specification, no change (further complexity) is required. 
Proposal 5b: For Type-1 CG, after receiving the configuration, UE should first identify the lowest N value corresponding to the nearest available CG occasion, then, N is incremented after each CG occasion starting from the N identified in the first step.
Proposal 5c: Introduce timeReferenceSFN in RRC CG Type 1 configuration to avoid ambiguity of time assumed by the UE for its initialization.
Essentially, this solution is similar to the Proposal 1 and Proposal 2 with RRC signalling overhead optimization. Here, timeReferenceSFN is a one-bit indication (with value of either 0 or 512) on whether the resource allocation is from the first half of the HFN or the second half of the HFN. This would result in the following change to the MAC specification:
	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] =
 (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0 N_1, where N_1 is the smallest N value corresponding to the nearest available configured grant occasion.


In our understanding, the proposals in R2-1916527 would make already complicated specification even more difficult to understand, with a very small benefit of saving three RRC bits in a not-very-often type 1 (re)-configurations. On the other hand, Proposal 1 and Proposal 2 do not require a change on the MAC spec and align with the type 2 UL configured grant and DL SPS resource allocation. 

2.2	UL CG confirmation MAC CE design
In this section we address remaining issues regarding the Multiple Entry Configured Grant Confirmation MAC CE as outlined in the current MAC running CR, as shown in the Figure below.

Figure 6.1.3.X-1: Multiple Entry Configured Grant Confirmation MAC CE
As this is a MAC CE, the indices would need to be unique per MAC entity. Therefore, the current running RRC CR introduces the field 
	configuredGrantConfigIndexMAC-r16		ConfiguredGrantConfigIndexMAC-r16										OPTIONAL,		-- Need M
with maximum value maxNrofConfiguredGrantConfigMAC, which is currently being discussed (e.g. 16, 32, 64) as an open RRC issue, see [3].
A straightforward solution would therefore be to reuse this configuredGrantConfigIndexMAC field in the MAC CE definition.  
[bookmark: _Toc32513248]RRC field configuredGrantConfigIndexMAC is used to define index of configured grant config in MAC CE.
A follow-up question is then whether the MAC CE bitmap should always include all potentially configured indices (leads to fixed size) or only the currently configured indices (leads to variable size). Conflicts can arise when RRC configuring/releasing new indices and MAC CEs referring to configured indices are used at the same time. To avoid such issues and considering also that the overhead of some extra octets in the one-time confirmation MAC CE are rather small, in particular in comparison to the periodical data transmissions initiated by the configured grant configuration, we propose to use a fixed MAC CE size. How many configurations are supported in parallel per MAC entity thereby directly maps to the number of required bits. If 32 configurations were supported per MAC entity, the MAC CE would have size of 4 octets, as shown in the example in the current MAC CE. We believe 32 configurations per MAC entity are appropriate, giving flexibility in serving multiple TSN flows in different serving cells. 
[bookmark: _Toc32513249]Support up to 32 CG configurations per MAC entity.
[bookmark: _Toc32513250]MAC CE has fixed size, i.e. 4 octets for 32 configured grant indices per MAC entity.
Another open issue is that whether in a mixed type 1 and type 2 configuration scenario, how configuration (indices) of type 1 should be considered in the MAC CE. Type 1 configured grant configurations are reliably configured via RRC. Therefore no further confirmation is required, nor intended, as configuration is via RRC. Assuming the fixed size MAC CE format from Proposal 4, the MAC CE would also include bits referring to type 1 configurations. It is not necessary that the UE sets those bits to specific value. 
[bookmark: _Toc32513251]MAC CE bits referring to type 1 configuration indices are included in fixed size MAC CE but may be set to random value by UE, i.e., ignored by gNB.
Furthermore, an FFS is currently listed in the MAC running CR: 
Editor’s Note: When Multiple Entry Configured Grant Confirmation MAC CE is generated is FFS.
The question is whether the Rel-16 multi-entry or the Rel-15 zero-bit MAC CE is generated to confirm activation/de-activation of a configured grant, e.g., in the case that only a single configuration is configured. We believe the differentiator on whether Rel-15 or Rel-16 MAC CE is used, can be whether the configuredGrantConfigList-r16 element is used in RRC Rel-16 to configure the configured grants, thereby disregarding whether one or more multiple entries are present in the list. By this way, conflicts between parallel RRC reconfiguration processes to change the number of configurations and MAC CE confirmation triggering are also avoided. 
[bookmark: _Toc32513252]When multiple configured grant configurations (configuredGrantConfigList-r16) are configured, the Rel-16 Multiple Entry Configured Grant Confirmation MAC CE is always used.
Furthermore, the following FFS was noted in UE-feature email discussion 108#47: 
Editor’s note: It is FFS whether a UE supporting [multipleCG-Configs-r16] shall also support lch-ToConfiguredGrantMapping-r16.
We believe that no separate capabilities are required in this case as multiple CG configurations and LCH to CG mapping would typically be used together anyway. As noted by rapporteur of UE-feature email discussion, multiple CG were introduced to handle TSC flows better, for which also the LCH to CG mapping should be used to schedule resources for certain TSC flows deterministically. We agree to that and thus propose:
[bookmark: _Toc32513253]UE supporting multipleCG-Configs shall also support lch-ToConfiguredGrantMapping.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Extend timeDomainOffset value to 5120*16-1 = 81919.
Proposal 2	Add a note in MAC spec that: UE considers the 1st configured uplink grant is from the time which is closest to when the RRC message is received, i.e. considers the HFN with indicated timeDomainOffset closest to where RRC message is received.
Proposal 3	RRC field configuredGrantConfigIndexMAC is used to define index of configured grant config in MAC CE.
Proposal 4	Support up to 32 CG configurations per MAC entity.
Proposal 5	MAC CE has fixed size, i.e. 4 octets for 32 configured grant indices per MAC entity.
Proposal 6	MAC CE bits referring to type 1 configuration indices are included in fixed size MAC CE but may be set to random value by UE, i.e., ignored by gNB.
Proposal 7	When multiple configured grant configurations (configuredGrantConfigList-r16) are configured, the Rel-16 Multiple Entry Configured Grant Confirmation MAC CE is always used.
Proposal 8	UE supporting multipleCG-Configs shall also support lch-ToConfiguredGrantMapping.

[bookmark: _In-sequence_SDU_delivery]4	References
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