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Introduction
In this paper, we discuss enhancements for configured grants (CG), which include multi-PUSCH CG and skipping indication for unused CG occasions.
Discussion
Multi-PUSCH CG 
To specify a multi-PUSCHPUSCH CG, we think two new parameters are needed: the periodicity between occasions within a period and number of occasions per period. 
For the first parameter, we think it is desirable to allow a configurable time gap between occasions within a period, instead of limiting all occasions within a period to be consecutive (in back-to-back slots). This flexibility allows more efficient use of UL radio resource when data within a burst does not arrive back to back or there are jitters between packets. This parameter can be configured by RRC, as we do not expect dynamic adoption of this parameter is needed.
RAN1 are discussing other options for multi-PUSCH CGs too. For example, the time domain resource allocation for a multi-PUSCH CG follows the same pattern as R17 multi-PUSCH single DCI, in which all occasions within a CG period are configured in consecutive slots. If that option is also supported, then the time gap parameter can be either omitted or set to the special value of 2. 
We think the second parameter, number of occasions per period, can be RRC configured as a baseline. However, further enhancement to allow dynamic adaption is worthy a discussion. As one may know, many XR applications dynamically adopt their encoding rates or frame rates in response to fluctuations in network conditions. Since number of occasions per period directly depends on video frame size, which in turn directly depends on encoding rate, it is useful, from both latency reduction and capacity improvement point of view, to have dynamic adoption of this parameter. For example, network may pre-configure a set of sizes and then use MAC CE to indicate number of occasions per period dynamically. 
Proposal 1.	Network can RRC configure periodicity between occasions within a CG period and number of occasions per CG period. FFS layer-two switching between pre-configured number of occasions per CG period.
One of the key motivations for introducing multi-PUSCH CG is that only a single CG configuration is needed to support XR traffic with periodic bursts. However, it is well known by now that XR traffic has non-integer periodicity, which does not match with the current CG configuration. The same problem exists for multi-PUSCH CGs too. 
Since the same issue will be studied for DRX, we think it is desirable to have the same solution for both DRX and CG configuration, as that will help save meeting time and efforts in spec drafting and implementations. 
Proposal 2.	Support non-integer periodicities for multi-PUSCH CGs, which can be based on the same solution for supporting non-integer DRX cycles.  
In legacy, HARQ process ID for a CG occasion is determined based on a formula using the periodicity of the CG configuration, time location of the occasion and number of HARQ processes configured for the CG. Now with the multi-PUSCH CG, there can be two periodicities in the configuration. Hence the formula for HARQ process IDs needs to be revisited. 
There can be different options. For instance, 
· one may adopt the design used in R17 multi-PUSCH single DCI, i.e. reuse the legacy formula to determine the HARQ process ID for the first occasion in a CG. Then with this process ID as a starting point, the HARQ process IDs is incremented by one for each subsequent occasion, until the maximum number of HARQ processes is reached. This option can be considered if RAN1 adopts the model of R17 multi-PUSCH single DCI for multi-PUSCH CG. 
· Another option can be to reuse the legacy formula but replace the CG periodicity in the formula by the periodicity of occasions within a period. This option is simpler and requires less changes to the existing spec. Note that this model also works with multi-PUSCH single DCI model, because periodicity of occasions in that case is 2.
Comparing pros and cons of the above two options, one can see that the second option may be the more desired option as it is more flexible and works with all possible models of multi-PUSCH CG.
Proposal 3.	Legacy formula for HARQ process ID is reused for a multi-PUSCH CG, except that the CG periodicity in the formula is replaced by the periodicity of occasions within a period.
Skipping indication of unused CG occasion(s) 
RAN1 have agreed to introduce skipping indication of unused CG occasions. In this section, we discuss upper-layer enhancements for supporting this new indication.
The main intention of a skipping indication is for UE to tell network that it no longer needs the upcoming CG occasion. By this principle, if a UE does not send any skipping indication for an occasion, it means the UE may or may not use the occasion. In this case, the legacy behavior should still apply, i.e. it is up to UE whether to skip or use that occasion. No extra signaling is needed.
Proposal 4.	If UE does not send any skipping indication for a CG occasion, UE is still allowed to either use or skip the occasion. No extra signaling is required. 
If UE has sent a skipping indication for a CG occasion, then UE should not be allowed to use that occasion anymore even if there is subsequent data eligible for the CG, because network may already have re-allocated that radio resources for other grants or to other users. 
Proposal 5.	If UE has sent a skipping indication for a CG occasion but there is subsequent data arrival before that occasion, UE is not allowed to send the data over that occasion.
Some XR traffic flows may require CGs with very short periodicity, e.g. pose or control messages, or CG with multiple occasions per period. In that case, it is more power expensive for UE to indicate skipping for every CG occasion. Or in case network configures multiple CGs and those CGs have overlapping occasions, it is very inefficient for UE to send skipping indication for each of those CGs. Therefore, we think it is beneficial, at least from RAN2’s perspective, to have a design such that a skipping indication can correspond to multiple consecutive occasions of a CG or overlapping occasions of multiple CGs. 
Proposal 6.	From RAN2’s perspective, it is beneficial for a single skipping indication to indicate skipping over multiple occasions of one CG or overlapping occasions of multiple CGs.
When Rel-16 enhanced UL skipping is configured, if a UCI overlaps with a PUSCH occasion, then UE is required to multiplex the UCI on that PUSCH, even if UE has no data eligible to use that PUSCH (i.e. a dummy TB has to be sent). This behavior is inefficient for UE but saves gNB from blind decode both PUCCH and PUSCH in the same slot.
However, if skipping indication for CG is configured for a UE, then this inefficient can be avoided. More specifically, if UE has a UCI whose PUCCH occasion overlaps with a CG occasion and does not have any UL data eligible for the CG occasion, UE sends UL skipping indication before the CG occasion. Then network knows UE will not transmit anything over PUSCH, and it needs to decode only PUCCH. For UE, it can still transmit the UCI over PUCCH and no PUSCH transmission is required. This behavior eliminates the decoding ambiguity at gNB side and is more power efficient for UE than the Rel-16 behavior. 
Proposal 7.	If UE has a UCI overlapping with a CG occasion and does not have any UL data eligible for the CG occasion, UE can send skipping indication before the CG occasion and transmit the UCI over PUCCH. UE is not required to transmit over PUSCH in this case.

Conclusion
Based on the above discussions, we’d suggest RAN2 discuss and agree to the following proposals:
Multi-PUSCH CGs
Proposal 1.	Network can RRC configure periodicity between occasions within a CG period and number of occasions per CG period. FFS layer-two switching between pre-configured number of occasions per CG period.
Proposal 2.	Support non-integer periodicities for multi-PUSCH CGs, which can be based on the same solution for supporting non-integer DRX cycles.  
Proposal 3.	Legacy formula for HARQ process ID is reused for a multi-PUSCH CG, except that the CG periodicity in the formula is replaced by the periodicity of occasions within a period.
Skipping indication of unused CG occasion(s)
Proposal 4.	If UE does not send any skipping indication for a CG occasion, UE is still allowed to either use or skip the occasion. No extra signaling is required. 
Proposal 5.	If UE has sent a skipping indication for a CG occasion but there is subsequent data arrival before that occasion, UE is not allowed to send the data over that occasion.
Proposal 6.	From RAN2’s perspective, it is beneficial for a single skipping indication to indicate skipping over multiple occasions of one CG or overlapping occasions of multiple CGs.
Proposal 7.	If UE has a UCI overlapping with a CG occasion and does not have any UL data eligible for the CG occasion, UE can send skipping indication before the CG occasion and transmit the UCI over PUCCH. UE is not required to transmit over PUSCH in this case.
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