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Introduction
Multi-TB CGs were introduced by RAN1 in Rel-16 NR-U WID but the MAC handling of such grants is not 100% clear. This was discussed in RAN2#115-e in the offline [AT115-e][021][NR16] MAC III (ZTE) [1] without conclusion, and the rapporteur suggested to postpone whether/how to clarify the MAC behaviour:
	R2-2107199	Handling of Multi-TB CGs in MAC    CATT    discussion    NR_IIOT-Core
-	[021] Rap: The following Note was proposed to be captured in Chair notes: “RAN2 confirms the understanding that, in Rel-16 unlicensed band operations, for multi-TB CG configurations, MAC delivers the CG repetitions of a repetition bundle to the HARQ entity as a whole, but treats each repetition bundle opportunity independently as another group of CG transmissions delivered to the HARQ entity.”. There was no consensus. 
-	[021] Rapporteur suggests to mark discussion on the Note and whether to in any way clarify (e.g. in chair notes) to be postponed. 
[021] Noted 


We still believe the MAC behavior should be clarified on this issue and suggest in this contribution some possible way-forwards.
Discussion
RAN1 introduced in R16 the concept of multi-TB CG configurations, in support of NR-U, where it allows a UE to use a (very) next CG transmission opportunity (before the next period) to autonomously retransmit a pending PDU due to LBT failure (Figure 1).
RAN1 specification:
A CG configuration can be configured, via the parameters cg-nrofSlots, cg-nrofPUSCH-InSlot, numberOfRepetitions with multiple PUSCH opportunities within the CG periodicity, which can be used as a combination of repetitions and independent transmission opportunities:



[bookmark: _Ref83979305]Figure 1: Multi-TB configured grant: basic principle
This is captured in TS38.214 Clause 6.1.2.3.1 as follows:
	For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when K > 1, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot is omitted according to the conditions in Clause 9, Clause 11.1 and Clause 11.2A of [6, TS38.213].


The parameters cg-nrofSlots and cg-nrofPUSCH-InSlot are described in TS38.331 as follows:
	cg-nrofPUSCH-InSlot
Indicates the number of consecutive PUSCH configured to CG within a slot where the SLIV indicating the first PUSCH and additional PUSCH appended with the same length (see TS 38.214 [19], clause 6.1.2.3).

	cg-nrofSlots
Indicates the number of allocated slots in a configured grant periodicity following the time instance of configured grant offset (see TS 38.214 [19], clause 6.1.2.3).


And their related UE capability is only defined for shared spectrum as FG 10-28 in TS38.306 Section 4.2.7.2a  SharedSpectrumChAccessParamsPerBand as follows:
	cg-resourceConfig-r16
Indicates whether the UE supports configuration of resources with cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16. If the UE supports this feature, the UE needs to report configuredUL-GrantType1 and/or configuredUL-GrantType2.
	Band
	No
	N/A
	N/A


Handling in MAC:
In MAC specification, a group of consecutive uplink grants serving N repetitions of a TB is denoted a bundle and the number of repetitions is denoted REPETITION_NUMBER (38.321 Clause 5.4.2.1):
	The maximum number of transmissions of a TB within a bundle of the dynamic grant or configured grant is given by REPETITION_NUMBER as follows:
-	For a dynamic grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.1 of TS 38.214 [7];
-	For a configured grant, REPETITION_NUMBER is set to a value provided by lower layers, as specified in clause 6.1.2.3 of TS 38.214 [7].


Moreover, for each bundle, the HARQ entity unambiguously specifies the routing of the first and following UL grants of the bundle towards the two main processing branches of the procedure: new transmission branch and retransmission branch, respectively:
	 Within a bundle, HARQ retransmissions are triggered without waiting for feedback from previous transmission according to REPETITION_NUMBER for a dynamic grant or configured uplink grant unless they are terminated as specified in clause 6.1 of TS 38.214 [7]. Each transmission within a bundle is a separate uplink grant delivered to the HARQ entity.


In RAN2#113bis-e, offline [016] MAC II (Samsung) [2], it was clarified that it is a common understanding that “All uplink grants associated with a transmission within a bundle are delivered to the HARQ entity along with the first uplink grant of the bundle”. Given all UL grants of a bundle aim at repeating the same TB, they use the same HPID (even in NR-U), and the above behaviour prevents that the repetition grants following the first grant are blocked by the configuredGrantTimer started by the first grant. We suggested capturing it in a note [3], but this was not seen necessary by majority.
Observation 1: All uplink grants associated with a transmission within a bundle are delivered to the HARQ entity along with the first uplink grant of the repetition bundle.
From the above, it is clear that the UL grant reception procedure (5.4.1) in MAC treats independently the CGOs of a CG configuration occurring at time instants recurring with the RRC-configured periodicity from a start time defined by timeDomainOffset or by the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised, for Type 1 and Type 2 CG, respectively. And it treats the CGOs in-between the periodicity and within a bundle altogether with the earliest CGO defined above.
Now, the multi-TB CG feature adds, still within the CG periodicity, further transmission opportunities beyond the first bundle, not to be considered as additional repetition opportunities part of this bundle, but instead as new transmission opportunities e.g. for a new TB (see Figure 1). As mentioned above, this feature is only available for shared spectrum and, in NR-U, since the UE selects the HARQ PID for a CGO, it can also use these additional resources for transmitting new data with a different HPID when LBT succeeded for the previous transmission opportunity. In MAC, such new CGOs within the periodicity are captured in Clause 5.8.2 as follows:
	If cg-nrofPUSCH-InSlot or cg-nrofSlots is configured for a configured grant Type 1 or Type 2, the MAC entity shall consider the uplink grants occur in those additional PUSCH allocations as specified in clause 6.1.2.3 of TS 38.214 [7].


[bookmark: _GoBack]But, as for the grants of a bundle, there is no explicit text mentioning in Clause 5.4.1 how those CGOs beyond the first repetition bundle are passed to the HARQ entity, and so it can be questioned whether they are passed altogether (with the CGOs from the first bundle) to the HARQ entity, or separately. The first option would raise an issue because, as can be seen from the above MAC extracts, the HARQ entity (38.321 Clause 5.4.2.1) currently only understands repetition opportunities as part of a bundle, and is agnostic to these additional transmissions opportunities. And from the above MAC extract, it is obvious that MAC must be aware of such additional PUSCH resources – not to be used for repetition – as available UL configured grants for this configured grant configuration. So they must be treated by the UL grant reception procedure (5.4.1) differently from the CGs in a CG bundle:
· CGOs within a bundle are delivered to the HARQ entity along with the first uplink grant of the bundle
· distinct bundles configured within a CG periodicity in a multi-TB CG configuration are treated separately by the UL grant reception procedure (5.4.1) and are delivered independently to the HARQ entity, see Figure 2.

 
[bookmark: _Ref76466430]Figure 2: Multi-TB configured grant: handling in MAC
The MAC behaviour for multi-TB CG configurations was discussed in RAN2#115-e in the offline [AT115-e][021][NR16] MAC III (ZTE) [1] where, in the phase 1 of inputs, a large majority of companies agreed that the correct interpretation of the MAC specification wrt to multi-TB CG configurations is as discussed above and illustrated in Figure 2.
Observation 2: Bundles configured within a CG period in a multi-TB CG configuration are treated independently by the UL grant reception procedure (5.4.1) and are delivered separately to the HARQ entity.
However, there was no consensus on how/whether to capture this behaviour. So we first propose to confirm the behaviour:
Proposal 1: RAN2 confirms the understanding that, in Rel-16 unlicensed band operations, for multi-TB CG configurations:
· For transmissions without repetitions: MAC treats CGs within the CG period independently and delivers them separately to the HARQ entity;
· For transmissions with repetitions: MAC delivers the CG repetitions of a bundle to the HARQ entity as a whole, but treats bundles within the CG period independently and delivers them separately to the HARQ entity.
Then we see two options:
· Option 1: add a Note in MAC e.g. as follows:
	NOTE X:   All uplink grants associated with a transmission within a bundle are delivered to the HARQ entity along with the first uplink grant of the bundle. If cg-nrofPUSCH-InSlot or cg-nrofSlots is configured for a configured grant Type 1 or Type 2, each configured grant (for transmissions without repetition) or bundle (for transmissions with repetitions) within the configured grant period is delivered separately to the HARQ entity. 



· Option 2: capture RAN2 understanding (proposal #1) in Chairman’s notes.
Proposal 2: Capture MAC behaviour for a multi-TB CG configuration:
· either with a NOTE in Clause 5.4.1 as suggested above;
· or in Chairman’s notes as proposal 1.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below proposals.
Observation 1: All uplink grants associated with a transmission within a bundle are delivered to the HARQ entity along with the first uplink grant of the repetition bundle.
Observation 2: Bundles configured within a CG period in a multi-TB CG configuration are treated independently by the UL grant reception procedure (5.4.1) and are delivered separately to the HARQ entity.
Proposal 1: RAN2 confirms the understanding that, in Rel-16 unlicensed band operations, for multi-TB CG configurations:
· For transmissions without repetitions: MAC treats CGs within the CG period independently and delivers them separately to the HARQ entity;
· For transmissions with repetitions: MAC delivers the CG repetitions of a bundle to the HARQ entity as a whole, but treats bundles within the CG period independently and delivers them separately to the HARQ entity.
Proposal 2: Capture MAC behaviour for a multi-TB CG configuration:
· either with a NOTE in Clause 5.4.1 as suggested above;
· or in Chairman’s notes as proposal 1.
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