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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]In 3GPP Rel-18 study item “Study on XR enhancements for NR”, progress has been made on many aspects, e.g. DRX support of XR frame rates corresponding to address non-integer periodicities, CG enhancements to address low latency and variable frame size issue. The results have been summarized in TR 38.835 [1]. For RAN Rel-18, a new WID “XR Enhancements for NR” has been approved in RAN#98e with the following areas: power saving, capacity and XR Awareness [2]. The details are as follows:
	(Copied from RP-223502 [2])
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
Specify the enhancements related to power saving:
· DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).
Specify the enhancements related to capacity:
· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
· Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE (RAN1);
· BSR enhancements including at least new BS Table(s); (RAN2);
· Delay reporting of buffered data in uplink; (RAN2);
· Provision of XR traffic assistance information for DL and UL (e.g. periodicity); (RAN2);
· Discard operation of PDU Sets (RAN2);
Specify the enhancements for XR Awareness (RAN2, RAN3): TBD (detailed objectives will be further clarified at RAN#99 based on the conclusions of TR38.835, and work to be started only after RAN#99)


In this contribution, we provide our views on CG enhancement techniques, including multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration and dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK77][bookmark: OLE_LINK79]Discussion
Multiple CG PUSCH transmission occasions in a CG period
According to the evaluation results in clause 6.B.1.6 of TR 38.835 [1], it is beneficial to configure multiple CG PUSCH transmission occasions in one period for the UL XR video transmission without requiring scheduling request (SR) and buffer status report (BSR) procedures. How to configure multiple CG PUSCH transmission occasions and determine HARQ process ID for each CG PUSCH would be discussed in the following sections.
Configuration of multiple CG PUSCH occasions
In current specification, only one CG transmission occasion can be configured in a period of a single CG PUSCH in license spectrum. As per TS 38.321 Clause 5.8.2, for CG Type 1, the uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where periodicity is the CG period, SFN is sub-frame number, numberOfSlotsPerFrame is the number of slots per frame, numberOfSymbolsPerSlot is the number of symbols per slot. timeReferenceSFN is the SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration. timeDomainOffset is the offset of a resource with respect to SFN = timeReferenceSFN in time domain. S is the start symbol. 
For CG Type 2, the uplink grant occurs in the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = [(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialized. 
Multiple consecutive slots allocated within a configured grant period has been introduced in R16 NR-U. The first CG PUSCH transmission occasion in one CG period can be determined by the above equation and the following consecutive slots are indicated by the parameter cg-nrofSlots-r16, as shown in Figure 1. 
[image: ]
[bookmark: _Ref127384361]Figure 1. Illustration of configuration of multiple CG PUSCH occasion(s) in R16 NR-U (assuming TDD format is DDUDD)
In some TDD configurations, reusing the configuration mechanism in NR-U may result in different number of CG PUSCH occasions between different periods. For example, assume that the packet arrive rate is 60fps and the packet periodicity is ~16.67ms. As illustrated in Figure 2, if cg-nrofSlots-r16 is configured as 8, there are two CG PUSCH occasions in the first period as the remaining 6 slots are downlink slots. The UE can transmit uplink data on these 2 CG PUSCH occasions. However, there is only one CG PUSCH occasion in the second period. The number of CG PUSCH occasions may vary in different periods. In some periods, the number of CG PUSCH is small which would bring extra dynamic scheduling delay. While in other periods, the number of valid CG PUSCH is large which would result in a waste of resources. This brings difficulty for the gNB in allocating configured grant resources. 
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[bookmark: _Ref127468679]Figure 2. Illustration of different number of CG PUSCH occasions in different periods
[bookmark: _Ref127400166]Observation 1: In R16 NR-U, configuring multiple consecutive PUSCHs through cg-nrofSlots-r16 may result in different number of CG PUSCH occasions in different CG periods, thus bring inaccuracy and difficulty for gNB configuration.
In current NR-U configuration, transmission parameters (e.g. SLIV, number of PRBs, MCS, etc) for each CG PUSCH occasion in one CG period are the same. When considering delay-sensitive services like XR, whether these parameters are the same or can be different needs further discussion. 
As shown in Figure 3, assume an UL frame arrives in slot n, and will be transmitted in 4 CG PUSCH occasions in slot n1, n2, n3, n4. Assume the PDB is 15ms (i.e., 30 slots under 30kHz SCS). Then, all the TBs of this UL frame should finish retransmissions before slot n+30. 
The earlier a TB is transmitted, the further it is away from the packet expiration time, and thus has more retransmission opportunities. For example, TB1 transmitted in slot n1 has more retransmission opportunities than TB4 transmitted in slot n4.
Therefore, TBs transmitted in earlier CG PUSCH occasions within a CG period have more retransmission opportunities, thus can have larger MCS to increase resource efficiency. TBs transmitted in latter CG PUSCH occasions within a CG period have less retransmission opportunities, thus should have lower MCS to ensure transmission reliability and meet PDB requirement.
[bookmark: _Ref127400171]Observation 2: In a CG period, the MCS of TBs transmitted on the earlier CG PUSCH occasions can be larger than the latter ones, since earlier transmitted TBs have more retransmission opportunities and larger MCS can increase resource efficiency.
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[bookmark: _Ref127438609]Figure 3. Illustration of different MCS for multiple CG PUSCH occasion(s)
[bookmark: _Ref127400200]Proposal 1: Regarding how to configure multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration:
· The number of configured CG PUSCH occasions in each period shall be the same, FFS details.
· Further study whether the parameters of each CG PUSCH occasion in a period are the same or can be different, e.g., MCS, etc. 

HARQ process ID determination for each CG PUSCH
In current specification, only one CG PUSCH occasions can be configured in a period of a single CG PUSCH in license spectrum. The HARQ process ID associated with the first symbol of a UL transmission is derived from the following equation, which is given in TS 38.321 Clause 5.4.1:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
or
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
When considering multiple CG PUSCH occasions in a period, the HARQ process IDs of each CG PUSCH in one period are the same if the above formula is directly reused. 
For example, as shown in Figure 4, assume that CG periodicity is 50/3 ms, the nrofHARQ-Processes is 4, the value of harq-ProcID-Offset2 is 0, and the CURRENT_symbol of the 1st CG PUSCH is 0. It can be seen that the HARQ process IDs of each CG PUSCH are all 0 for the first period and all 1 for the second period. 
In this case, once the 1st PUSCH has not been received correctly, the retransmission must be finished before the beginning of the 2nd PUSCH, since new transmission data on the 2nd PUSCH would occupy the HARQ entity associated with the same HARQ ID. Therefore, the gNB has very limited time or even no chance to schedule the retransmission of the data on the 1st CG PUSCH, which increases gNB scheduling complexity and decreases XR capacity. 
[bookmark: _Ref127400174]Observation 3: The HARQ process IDs of each CG PUSCH in one period are the same according to the formula in current specification.
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[bookmark: _Ref126530668]Figure 4. Illustration of HARQ process ID when multiple PUSCHs are configured in a CG period
To solve this problem, one solution is that the UE selects an HARQ Process ID based on implementation among the HARQ process IDs available for the configured grant configuration, as specified in NR-U. UE must transmit HARQ process ID in CG-UCI on every CG PUSCH. However, such design introduces extra signaling overhead and not preferred. 
Another solution is to make some enhancements based on the current HARQ ID determination formula and the details can be further studied. During the study on how to determine HARQ process ID for each PUSCH occasion, some principles should be considered:
· Firstly, signalling overhead should be considered. Solution which has less signalling overhead is preferred. 
· Secondly, in order to facilitate retransmission scheduling and processing of the gNB, CG PUSCH occasions that uses the same HARQ process ID should be spaced as far as possible. In addition, as per R18 XR objective, RAN1 is going to specify that UE can indicate unused CG PUSCH occasion(s) within a CG period. If some CG PUSCH occasion(s) are unused, their corresponding HARQ ID can also be released. Then, it’s possible that HARQ ID determination can take the number of unused occasions in a period into account to maximize the gap between CG PUSCH occasions using the same HARQ process ID.
· Thirdly, the maximum value of HARQ process for uplink transmission is 16. The more HARQ process used by CG, the fewer HARQ process are available for dynamic scheduling, which means less flexible for the gNB to schedule resources. Therefore, solution which uses less HARQ process is preferred.
[bookmark: _Ref127400212][bookmark: _Ref127474063]Proposal 2: Further study HARQ process ID determination mechanism with the following principles
· Minimize signalling overhead
· Maximize the gap between CG PUSCH occasions using the same HARQ process ID, considering the number of unused occasions in a period
· Minimize the total number of HARQ process used by CG

Dynamic indication of unused CG PUSCH occasion(s) based on UCI by the UE
As XR is delay sensitive service, the CG resource within one CG period should be configured according to a relatively large size of XR frame in order to avoid the extra delay caused by additional dynamic scheduling. To avoid resource waste, mechanisms to allow re-allocate the unused CG resources within one CG period can be considered. If there are one or more unused PUSCHs, the UE can indicate the unused CG PUSCHs to the gNB via UCI, as shown in Figure 5. Then the gNB can re-allocate those unused CG PUSCH resources to other UEs. It can bring large XR capacity gain according to the evaluation results in clause 6.B.1.6 of TR 38.835 [1]. The detailed indication of such UCI will be analyzed as follows.
[image: ]
[bookmark: _Ref126072334]Figure 5. Illustration of indicating to gNB the unused PUSCH occasions within one CG period

Contents of the new UCI
When an UL frame arrives, UE knows the frame size and thus knows how many CG PUSCH occasion(s) are needed within current CG period. Therefore, regarding the content of the UCI, one straightforward solution is that UE indicates the last N CG PUSCH occasion(s) within one CG period are unused. In such solution, the unused CG PUSCH transmission occasion(s) are consecutive and locate at the end of configured occasion(s), which leave gNB more time to re-allocate to other UEs to avoid resource waste.
RAN1 needs to further study the signalling overhead of such UCI. If the new UCI is multiplexed on PUSCH,  would be introduced to reduce code rate, thereby improving transmission reliability of UCI, which is similar with HARQ ACK, CG-UCI and CSI. The maximum value of  can be 126 according to the Clause 9.3 in TS 38.213. That is, UCI may consume up to 126 times more resources than uplink data. Large signaling overhead may influence the transmission of XR frame data and decrease XR capacity. 
[bookmark: _Ref127400216]Proposal 3: Support introducing a new UCI including a field to indicate that the last N CG PUSCH occasion(s) within one CG period are unused
· FFS details, e.g., field size, etc.

How/When to transmit such UCI
[bookmark: _Ref101467394]UCI can transmit on PUCCH or multiplexing on PUSCH. If this new UCI is transmitted on PUCCH, RAN1 needs to discuss many additional issues, e.g., how to configure such PUCCH resource, how to handle the case when PUCCH and PUSCH overlap, etc. Since the UE is already configured with CG PUSCH occasions, it’s straightforward and effective that this new UCI is multiplexed on CG PUSCH.
[bookmark: _Ref127400219]Proposal 4: The new UCI is multiplexed on CG PUSCH.
The motivation of such new UCI is to enable gNB re-allocate unused CG PUSCH occasion(s) to other UEs to avoid resource waste. Considering the processing/scheduling delay, such UCI should be sent as early as possible to give gNB enough time for re-allocating.
For example, assume 4 CG PUSCHs are configured in one period and only 2 PUSCHs are needed. If the UCI are transmitted on the first PUSCH to indicate the gNB that the 3rd and the 4th PUSCH are unused. There is enough time for the gNB to re-allocate the unused resources to other UEs. However, if the UCI is transmitted on the 2nd PUSCH, gNB may not have enough time to re-allocate the 3rd PUSCH occasion can cause resource waste. 
Therefore, the new UCI should be transmitted on the 1st CG PUSCH occasion within a period. 
[image: ]
Figure 6. The influence of processing/scheduling delay
In addition, UE and gNB need to have common understanding on the UCI transmission occasion and contents to avoid blind decoding. 
[bookmark: _Ref127400338][bookmark: _Ref127474131][bookmark: _Ref127400183]Proposal 5: The new UCI is transmitted on the 1st CG PUSCH occasion within a period.
[bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK73]
Conclusions
In this contribution, we provide some principles on how to configure multiple CG PUSCH transmission occasions in a period of a single CG configuration and determine HARQ process ID for each CG PUSCH. We also analyze the contents of the UCI and point out how and when to transmit such UCI. The following proposals and observations are given:
Observation 1: In R16 NR-U, configuring multiple consecutive PUSCHs through cg-nrofSlots-r16 may result in different number of CG PUSCH occasions in different CG periods, thus bring inaccuracy and difficulty for gNB configuration.
Observation 2: In a CG period, the MCS of TBs transmitted on the earlier CG PUSCH occasions can be larger than the latter ones, since earlier transmitted TBs have more retransmission opportunities and larger MCS can increase resource efficiency.
Observation 3: The HARQ process IDs of each CG PUSCH in one period are the same according to the formula in current specification.

Proposal 1: Regarding how to configure multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration:
· The number of configured CG PUSCH occasions in each period shall be the same, FFS details.
· Further study whether the parameters of each CG PUSCH occasions in a period are the same or can be different, e.g., MCS, etc. 
Proposal 2: Further study HARQ process ID determination mechanism with the following principles
· Minimize signalling overhead
· Maximize the gap between CG PUSCH occasions using the same HARQ process ID, considering the number of unused occasions in a period
· Minimize the total number of HARQ process used by CG
Proposal 3: Support introducing a new UCI including a field to indicate that the last N CG PUSCH occasion(s) within one CG period are unused
· FFS details, e.g., field size, etc.
Proposal 4: The new UCI is multiplexed on CG PUSCH.
Proposal 5: The new UCI is transmitted on the 1st CG PUSCH occasion within a period.
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