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Introduction
Multi-TB CGs was introduced in Rel-16 NR-U WID. When it is considered with IIOT/URLLC, it is not clear how to treat HPID and related MAC behavior. This contribution will discuss this issue and provide corresponding proposals.
Discussion
RAN1 introduced in R16 the concept of multi-TB CG configurations, primarily 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. But, this feature is not tied to shared spectrum and can also be used when cg-RetransmissionTimer is not configured for the CG configuration. In such case, unlike in NR-U where the UE selects the HARQ PID for a CGO, the time-based HPID mapping is used and all the CG opportunities are with the same HARQ process. One solution proposed in [1] is to change this and align the behaviour to that from NR-U. It is also unclear how such CGOs are treated in MAC.
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:



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).



Handling in MAC:
MAC deals with UL grants, and for the case of repetition bundle, MAC defines that each repetition is an UL grant and such different UL grant instances are passed to the HARQ entity altogether upon occurrence of the first CG of the bundle (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].
[…]

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”. We even suggested capturing it in a note [3] as follows, but this was not seen necessary by majority.
	NOTE 6:   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.


Since there is no explicit text either mentioning in MAC how those CGOs beyond the first repetition bundle are passed to the HARQ entity, it can be questioned whether they are passed altogether (with the CGOs from the first repetition bundle) to the HARQ entity, or separately. From our perspective, it seems 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 in the end, they are just like other CGOs of this CG configuration that are visible to MAC. But there must still be some kind of distinction with the CGs in a CG repetition bundle: distinct repetition bundles configured within a CG periodicity 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
Resulting from the above, it can be noted that:
· if LBT succeeds for any of the CGs in a repetition bundle, it disables using the subsequent bundle(s) with the same HPID because the CGT is running
· if no data is available for transmitting in the first bundle, and late data arrives for the second bundle, then this second bundle can be used for transmitting this data (even in non-NR-U context)
[bookmark: _Ref78790061]Proposal 1: RAN2 confirms the understanding that, 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.
HPID determination for Multi-TB CGOs
Although initially designed in support of NR-U, this feature is not tied to shared spectrum and can also be used when cg-RetransmissionTimer is not configured for the CG configuration. But in such case, unlike in NR-U where the UE selects the HARQ PID for a CGO, the time-based HPID mapping is used and all the CG opportunities are with the same HARQ process. In [1] it is proposed to change this and align the behavior to that from NR-U. However, a first observation is that, even in NR-U, since such additional transmission opportunities come in support of LBT failures, they are expected to be used with the same HPID as that used for the LBT-failed CGO. But in NR-U, since the UE selects the HARQ PID for a CGO, it can also reuse these resources for transmitting new data with a different HPID when LBT succeeded for the previous transmission opportunity. However, in licensed spectrum, the only case were such additional CGOs within the periodicity would be used with a different HARQ process would be to serve more new data within the period e.g. addressing unexpected bursts of data within the CG period. This looks like serving a traffic channel with variable throughput with a configured grant. But such type of traffic would better be addressed with dynamic grants. On the contrary, we see a benefit in keeping such configuration without changing the time-based HPID determination, in serving periodic traffic with arrival jitter. In such case, only one CGO is expected to be used among the various transmission opportunities, but matching the exact arrival time of the burst, thus minimizing the end-to-end latency.


Figure 3: Multi-TB configured grant addressing burst arrival jitter
[bookmark: _Ref78790066]Proposal 2: RAN2 confirms no change is needed in the HPID determination formula for configured grants to address multi-TB CGs in licensed bands.
[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.
Proposal 1: RAN2 confirms the understanding that, 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.
Proposal 2: RAN2 confirms no change is needed in the HPID determination formula for configured grants to address multi-TB CGs in licensed bands.
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