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Introduction
In RAN2#100 meeting, many agreements were concluded on configured grants for NR, including the definition of a “ACK” timer for configured grants. But not much discussion took place on the handling of configured grants with repetition in UL.
In this contribution we first clarify the functional model of configured grants with repetitions and derive the implication on the configuredGrantTimer. Then we propose a solution for handling early ACK on such UL configured grants.
Discussion
Functional model of configured grants with repetition in current MAC specification 
As shown in Figure 1 and captured in [1], configured grants Type 1 and 2 are commonly defined with the following two main parameters:
-	periodicity: periodicity of the configured grant;
-	numberOfConfGrant-Processes: the number of HARQ processes.
And for configured uplink grants, the HARQ Process ID associated with a first transmission (or a repetition bundle) is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo numberOfConfGrant-Processes
where CURRENT_symbol=(SFN * numberOfSlotsPerFrame * numberOfSymbolsPerSlot + slot number in the frame * numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211.
NOTE:	CURRENT_symbol refers to the symbol index of the first transmission of a repetition bundle that takes place.
As clarified by the above note, the HARQ process ID equation defines HARQ process ID “intervals” with respect to the frame boundary: only the 1st symbol of the first transmission defines the HARQ process ID. Repetitions can overlap with other HARQ process “intervals”. This is illustrated in Figure 2.




[bookmark: _Ref503277093]Figure 1: Examples of configured grants with and without repetition



[bookmark: _Ref503299599]Figure 2: HARQ process intervals resulting from the HARQ equation
In current TS38.321, the handling of a repetition bundle of configured grants in UL is shared between the UL grant reception procedure (Section 5.4.1) and the HARQ entity procedure (Section 5.4.2.1). Indeed, only the first transmission of a repetition bundle of configured grants triggers the HARQ function from the UL grant reception function. This is because the NDI of the configured grants where repetitions occur should not be toggled. And, per the below extract from Section 5.4.1, for this to happen, those grants must occur before the (“ACK”) configuredGrantTimer of this HARQ process expires:

	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
1>	if the configuredGrantTimer for the corresponding HARQ process is not running:
2>	consider the NDI bit for the corresponding HARQ process to have been toggled;
2>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.



This functional split is further clarified in Section 5.4.2.1:

	When repetition is configured with repK >1, the parameter repK provides the number of repetitions of a TB within a bundle. Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to repK.


More specifically, the below text in red from Section 5.4.2.1 is for the repetition case, because retransmissions of configured grants are only via dynamic uplink grant to the CS-RNTI:
	For each uplink grant, the HARQ entity shall: 
1>	identify the HARQ process(es) associated with this grant, and for each identified HARQ process: 
2>	if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and the NDI provided in the associated HARQ information has been toggled compared to the value in the previous transmission of this TB of this HARQ process; or 
[case toggled NDI…]
2>	else:
     [case non-toggled NDI…] 
4>	deliver the uplink grant and the HARQ information (redundancy version) of the TB to the identified HARQ process; 
4>	instruct the identified HARQ process to trigger a retransmission. 
4>	if the uplink grant is addressed to CS-RNTI or the uplink grant is a configured uplink grant : 
5>	start or restart the configuredGrantTimer, if configured, for the corresponding HARQ process when the transmission is performed. 



This is illustrated in Figure 3 where the UL grant reception procedure only sees the first transmission of the bundle and skips the repetitions for which the configured grant timer is still running:


[bookmark: _Ref503298079] Figure 3: HARQ entity handles autonomously repetitions of UL configured grants
All the above nicely works at the only condition that the configuredGrantTimer lasts longer than the time between two consecutive configured grant instances. Although this is fully left to gNB configuration, we suggest adding a note to clarify this in the MAC specification.
Proposal 1: Add a note in the MAC specification clarifying that when configured grants are configured with repetitions, the configuredGrantTimer shall be set to a larger duration than the time between two consecutive configured grant instances. 
How to provide early ACK with configured grants with repetition?
Unlike in LTE, NR allows UE to receive early ACK on a repetition bundle. In other words, UE starts the HARQ RTT timer as soon as on the first transmission and monitors potential HARQ feedback from the network as soon as the timer expires. Since no PHICH is supported in NR so far, such HARQ feedback would be conveyed via a DCI for UL. For Type 2 configured grants, there are two options for providing early ACK:
· Option 1: grant re-initialization: a DCI for UL to CS-RNTI with toggled NDI can be used as an early ACK.
With this approach, and as illustrated in Figure 4:
· The resulting (new) configured grants are always shifted wrt initial allocations
· The timing of the new PUSCH allocation must reflect the correct HARQ process interval
· It always requires sending back “grant configuration confirmation”


[bookmark: _Ref503301428]Figure 4: Early ACK to configured grant Type 2 via DCI to CS-RNTI
· Option 2: grant overriding: DCI for UL to C-RNTI to the same HARQ process.
With this approach, and as illustrated in Figure 5:
· Issue: the overriding dynamic grant will not benefit from repetition (unless it is signaled as a multi-slot grant).
· Benefits:
· The early ACK has no impact on the original configured grants (no shift)
· There is no need to confirm the re-initialization
· Clearly this option is the only available one for Type 1
Based on the above analysis, we suggest adopting the DCI for UL to C-RNTI as the only method to signal early ACK of UL configured grants with repetition.
Proposal 2: DCI for UL to C-RNTI is selected as the only method to signal early ACK of UL configured grants with repetition.


[bookmark: _Ref503302964]Figure 5: Early ACK to configured grant Type 2 via DCI to C-RNTI



Conclusion
This contribution discussed the handling in MAC of configured grants with repetitions, considering the configuredGrantTimer and early ACK signalling. The resulting proposals are:
Proposal 1: Add a note in the MAC specification clarifying that when configured grants are configured with repetitions, the configuredGrantTimer shall be set to a larger duration than the time between two consecutive configured grant instances. 
Proposal 2: DCI for UL to C-RNTI is selected as the only method to signal early ACK of UL configured grants with repetition.
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Text proposal to 38.321
[bookmark: _Toc502437805]
5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, or configured semi-persistently by RRC. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers.
If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH occasion:
1>	if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI or Temporary C-RNTI; or
1>	if an uplink grant has been received in a Random Access Response:
2>	if the uplink grant is for MAC entity’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity’s CS-RNTI or a configured uplink grant:
3>	consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
2>	deliver the uplink grant and the associated HARQ information to the HARQ entity.
1>	else if an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity’s CS-RNTI:
2>	if the NDI in the received HARQ information is 1:
3>	consider the NDI for the corresponding HARQ process not to have been toggled;
3>	stop the configuredGrantTimer for the corresponding HARQ process, if running;
3>	deliver the uplink grant and the associated HARQ information to the HARQ entity.
2>	else if the NDI in the received HARQ information is 0:
3>	if PDCCH contents indicate configured grant Type 2 deactivation:
4>	trigger configured grant confirmation.
3>	else if PDCCH contents indicate configured grant Type 2 activation:
4>	trigger configured grant confirmation;
4>	store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink grant;
4>	initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated PUSCH duration and to recur according to rules in subclause 5.8.2;
4>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	stop the configuredGrantTimer for the corresponding HARQ process, if running;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
1>	if the configuredGrantTimer for the corresponding HARQ process is not running:
2>	consider the NDI bit for the corresponding HARQ process to have been toggled;
2>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
NOTE 1:	For the same Serving Cell, an uplink grant addressed to C-RNTI shall override a configured uplink grant in case of overlap in time domain.
For configured uplink grants, the HARQ Process ID associated with this symbol is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo numberOfConfGrant-Processes
where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
NOTE 2:	CURRENT_symbol refers to the symbol index of the first transmission of a repetition bundle that takes place.
NOTE 3:  When configured grants are configured with repetitions, the configuredGrantTimer shall be set to a larger duration than the time between two consecutive configured grant instances to prevent the NDI to be toggled across repetitions.

//////// NEXT CHANGE /////////

[bookmark: _Toc502437807]5.4.2.1	HARQ Entity
The MAC entity includes a HARQ entity for each Serving Cell with configured uplink (including the case when it is configured with supplementaryUplink), which maintains a number of parallel HARQ processes.
The number of parallel UL HARQ processes per HARQ entity is specified in TS 38.214 [7].
Each HARQ process supports one TB.
Each HARQ process is associated with a HARQ process identifier. For UL transmission with UL grant in RA Response, HARQ process identifier 0 is used.
When repetition is configured with repK >1, the parameter repK provides the number of repetitions of a TB within a bundle. Repetition operation relies on the HARQ entity for invoking the same HARQ process for each transmission that is part of the same bundle. Within a bundle HARQ retransmissions are non-adaptive and triggered without waiting for feedback from previous transmissions according to repK.
For UL configured grants with repK >1, the MAC entity may receive an early HARQ ACK before the end of the transmission bundle via an uplink grant received on the PDCCH for the MAC entity’s C-RNTI for the same HARQ process as the HARQ process of the repetition bundle.

//////// END OF CHANGE /////////
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