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Introduction
[bookmark: _Hlk141447253]In RAN2#123bis meeting, following was agreed regarding CG enhancements:
Agreements
1. From RAN2 perspective, Multi-PUSCH CG is supported for Type 1 and Type 2 CG, i.e., [N] separated uplink grants occur in consecutive slots in one CG period.
2. We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall at least consider

[bookmark: _Hlk145662014]In this contribution, we discuss CG enhancements for XR.
Discussion
Handling of UTO-UCI
The main motivation of introducing multiple PUSCH transmission occasions in one CG is to handle the dynamic size of XR packets. While the XR traffic can be periodic, the size of XP packet in each periodicity can vary, e.g. due to different frame types (I/P/B frames). Such XR traffic characteristic makes the configuration of TBS for CG a dilemma, i.e. too small TBS results in UE requests additional grants via SR/BSR, while too large TBS results in resource waste. With the introduction of multiple PUSCH in one CG, gNB can over provision the resource in granularity of PUSCH transmission occasions, and UE can dynamically indicate the unused CG PUSCH transmission occasions via “UTO-UCI”. With such information, gNB can allocate the unused CG occasions for other purposes, e.g. to other UEs.
In RAN2#123bis meeting, RAN2 reached the following agreements “We will specify some factors that the UE should consider when determining how to set the UTO-UCI bits in the MAC.  FFS which ones we know for sure the UE shall at least consider.” This is related to UE processing time and potential internal interaction between UE application layer and MAC entity. For example, as shown in Figure 1 below, UTO-UCI in TO0 indicates the status of TO1 to TO4. 
[image: ]
[bookmark: Fig_UTO_UCI]Figure 1: Determination of UTO-UCI content
The open issue is that when UE determines UTO-UCI content Tproc,2 ahead of TO0, which factors UE should consider. The following factors were proposed in contributions submitted to RAN2#123bis meeting:
(a) Amount of data that is already in the buffer [2][3][5][6][8]
(b) Amount of data that is expected to be discarded [2][3][6]
(c) Amount of data that is expected to arrive in the future based on interaction with upper layers [2][3]
(d) End of Data Burst (EoDB) indication [4][7]
(e) MAC CEs that the UE expects to trigger within the interval covering the subsequent Nu CG occasions [3]
(f) NW processing time tolerance (NW configured parameter), which indicates the latest time UTO-UCI should be used to indicate CG PUSCH occasion as unused to be reusable [2]
(g) HARQ process availability of the CG occasion as the CG occasion would be unavailable for new transmission when the CG timer for the HARQ process is running [2]
Since UE effectively needs to run “virtual” LCP (based on LCP configurations) to determine whether a TO will be used or unused, it is assumed that applicable configuration (e.g. LCP configuration) will be considered anyway and are not explicitly listed above.
In the factors listed above, it is obvious that traffic related factors (a, b, c, d) should be considered, with factor (d) [EoDB] as a special case of factor (a). It is worth noting that factor (c) is based on internal cross layer interaction, which is typically not specified and left to UE implementation. This is similar to PSI identification, which is left to UE implementation as from XR PDCP running CR [1]: “Identification of PSI of a PDU Set and determination of low importance PDU Set are left up to UE implementation.” 
For factor (e) [MAC CE], this is related to timeline relationship between MAC CE and UTO-UCI determination. According to RAN1 agreement, “UTO-UCI is included in every CG PUSCH that is transmitted.” At the time instant UE determines the content of UTO-UCI (see Figure 1), UE LCP procedure can determine whether to include available MAC CEs into the CG PUSCH to carry UTO-UCI. For the future MAC CEs, it is related to prediction and it is not clear whether such prediction will be accurate.
For factor (f) [network processing time], it is not clear how such factor should be utilized. The content of UTO-UCI should be decided based on whether the TO can be used by UE or not. Whether network has sufficient time to re-allocate TO should not affect UE decision since UE anyway cannot use “unused” TOs which network cannot reallocate to other UEs. Therefore there is no need for UE to consider factor (f) [network congestion time] when deciding the content of UTO-UCI.
The motivation to consider factor (g) [HARQ process availability] for UTO-UCI is that CG resource cannot be used when corresponding configuredGrantTimer for the HARQ process is running, as specified in TS 38.321 clause 5.4.1:
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured and cg-SDT-RetransmissionTimer is not configured (i.e. new transmission):
3>	if there is an on-going CG-SDT procedure and PDCCH addressed to the MAC entity's C-RNTI has been received; or
3>	if there is no on-going CG-SDT procedure:
4>	consider the NDI bit for the corresponding HARQ process to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
2>	else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:
3>	if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):
4>	consider the NDI bit to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
Although in theory, HARQ process availability should be considered for UTO-UCI, the configuration of a configuredGrantTimer longer than CG periodicity (which causes HARQ process unavailable) for multi-PUSCH CG is questionable. The reason is that configuring multi-PUSCH CG is to provide resources for varying-size XR traffic, therefore it is questionable to explicit prohibit the usage of same TO in next period.
In summary, UE may consider factors (a, b, c, d) when determining the content of UTO-UCI. 
[bookmark: Proposal_Unused]Proposal 1: When setting UTO-UCI to “unused”, UE may consider following factors: 
(a) Amount of data that is already in the buffer;
(b) Amount of data that is expected to be discarded;
(c) Amount of data that is expected to arrive in the future based on interaction with upper layers;
(d) End of Data Burst (EoDB) indication.
Necessity to align CG periodicity to XR traffic 
In contributions submitted to previous RAN2 meetings, there was proposal to align CG periodicity to XR traffic. Although rational number DRX cycle was introduced to support non-integer periodicity, it is questionable to introduce non-integer periodicities for CG. The reason is that it is more flexible to configure CG compared with DRX. Existing mechanisms like multiple CG configurations, slot granularity of CG periodicity, and dynamic scheduling can be used to mitigate the misalignment between CG periodicity and XR traffic. In Rel-16, the potential enhancement for non-integer periodicity of CG was also discussed, with related discussion captured in TR 38.825 Table 6.5.2-1, as copied below:
Table 6.5.2-1:	TSN traffic characteristics with potential issues and enhancements
	No.
	TSN traffic characteristic
	Description
	Potential solutions and enhancements

	…

	4
	TSN message periodicities with non-integer multiple of NR supported periodicities
	In TSN use cases, the periodicity of data packets which are sent depends on application and in majority of the cases, it is not possible to modify it. There may be use cases where periodicity values are not multiple of NR slot or symbol period, which are used to configure CG/SPS periodicity. The severity of this issue depends on the traffic's latency requirement and the frequency of misalignment occurrences.
	The following solutions could potentially help in resolving or mitigating the issue:
-	Adjustment of SPS/CG resource by RRC reconfiguration (as per current specification)
[bookmark: _Hlk944152]-	Usage of short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof (for SPS, support for shorter periodicities than those available in Rel-15 may be required)
-	More efficient adjustment of SPS/CG resource timing in the UE as compared to RRC reconfiguration, e.g. based on network configuration or dynamic network signalling and which could be based on knowledge of TSN traffic pattern
-	Applying de-jittering buffer at the edges of 5G system



RAN2#105bis meeting agreed the following: “R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption.” In RAN2#108 meeting, RAN2 eventually agreed that “We don’t introduce additional mechanism to align CG/SPS to TSC traffic pattern period”.
In Rel-18, with the introduction of multiple PUSCH CG, UE can select suitable CG occasion(s) to carry XR traffic and indicate whether CG occasions can be used or not in UTO-UCI. Therefore there is even less motivation in Rel-18 to introduce non-integer periodicity of CG.
[bookmark: Proposal_CG_Periodicity]Proposal 2: No additional mechanisms are introduced to align CG periodicity to XR traffic.
Conclusion
In this contribution, we discuss CG enhancements for XR, and propose the following:
Proposal 1: When setting UTO-UCI to “unused”, UE may consider following factors: 
(a) Amount of data that is already in the buffer;
(b) Amount of data that is expected to be discarded;
(c) Amount of data that is expected to arrive in the future based on interaction with upper layers;
(d) End of Data Burst (EoDB) indication.
Proposal 2: No additional mechanisms are introduced to align CG periodicity to XR traffic.
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