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1 Introduction

During the study phase [1], an enhancement is recommended which utilizes multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. 

	Captured from the WID [2]:
Specify the enhancements related to capacity:

-
Multiple Configured Grant (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 Uplink Control Information (UCI) by the UE (RAN1, RAN2);

-
Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);

-
Delay reporting of buffered data in uplink (RAN2);

-
Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


In this contribution we’d like to analyse RAN2 protocol impact to support multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration. This contribution is also to discuss the potential RAN2 impact to support retransmission-less configured grant.
2 Discussion
2.1 Multiple CG occasions support

(1) HARQ process ID determination
In existing specifications, each CG configuration has one CG occasion in a period as the figure 1 below and the HARQ process ID is determined with the formula,  
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2.
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Figure 1. an example of CG configuration with one CG occasion in a period
For XR, a CG configuration can have multiple CG occasions in a period as the figure 2 below.
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Figure 2. an example of CG configuration with multiple CG occasions in a period

Then HARQ process ID determination needs to be clarified to support multiple CG occasions. It is important not to assign the same HARQ process ID for the CG resources in the same periodicity. For example when more than two CG resources are granted in the same periodicity different HARQ process ID per CG resource could avoid either the use of the next CG by configuredGrantTimer or HARQ buffer overriding which blocks the retransmission of the previous CG due to HARQ process ID overlapping.
Observation 1. Different HARQ process IDs should be used for different CG occasions in the same periodicity to avoid either the use of the next CG by configuredGrantTimer or HARQ buffer overriding which blocks the retransmission of the previous CG due to HARQ process ID overlapping.

Here we use a term ‘subset of CG occasion’ to indicate the position of CG occasion in the periodicity. N subsets of CG occasion means N CG occasions in the periodicity.

As one example of HARQ process ID determination for N subsets of CG occasion, gNB can configure the HARQ process ID offset and the number of HARQ processes for each subset of CG occasion. Then the HARQ process ID for each subset of CG occasion can be determined by reusing of the current formula, 

HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2, where CURRENT_symbol refers to the first symbol of a UL transmission for the subset of CG occasion.
In the example of figure 2, it is assumed that the 1st subset of CG occasion is configured with nrofHARQ-Processes=2, harq-ProcID-Offset2=2 and the 2nd subset of CG occasion is configured with nrofHARQ-Processes=4, harq-ProcID-Offset2=2. Then HARQ process ID for the 1st subset of CG occasion and HARQ process ID for the 2nd subset of CG occasion for each periodicity are determined in the figure 3 below.
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Figure 3. an example of HARQ process ID determination for multiple CG occasions
In other example gNB can configure the HARQ process ID offset and the number of HARQ processes for a single CG configuration. Then the number of HARQ processes for each subset of CG occasion is configured within the corresponding CG’s HARQ processes. With the configured HARQ processes for CG configuration, the HARQ process ID for the subset of CG occasion can be determined in a sequential manner in the periodicity (option 1) or the HARQ process ID for the subset of CG occasion can be determined to be split over all the subsets of CG occasion in the periodicity (option 2).

In the example where the HARQ process ID offset and the number of HARQ processes are configured for CG configuration, the HARQ process ID for each subset of CG occasion is determined for option 1 with the formula below.
For the N subset of CG occasion, HARQ Process ID = [floor(CURRENT_symbol / (periodicity / Nsubset)) + N)] modulo nrofHARQ-Processes + harq-ProcID-Offset2, where CURRENT_symbol refers to the first symbol of a UL transmission for the subset of CG occasion, Nsubset refers to the number of subsets of CG occasion.
With assuming that harp-ProcID-Offset2=2 and nrofHARQ-Processes=2 are configured for a CG configuration and the number of subsets of CG occasion is 2, HARQ process ID for the 1st subset of CG occasion and HARQ process ID for the 2nd subset of CG occasion for each periodicity are determined in the figure 4 below.
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Figure 4. an example of HARQ process ID determination for multiple CG occasions (option 1)

In the example where the HARQ process ID offset and the number of HARQ processes are configured for CG configuration, the HARQ process ID for each subset of CG occasion is determined for option 2 with the formula below.
For the N subset of CG occasion, HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo (nrofHARQ-Processes / Nsubset) + N * (nrofHARQ-Processes / Nsubset) + harq-ProcID-Offset2, where CURRENT_symbol refers to the first symbol of a UL transmission for the subset of CG occasion, Nsubset refers to the number of subsets of CG occasion.
With assuming that harp-ProcID-Offset2=2 and nrofHARQ-Processes=4 are configured for a CG configuration and the number of subsets of CG occasion is 2, HARQ process ID for the 1st subset of CG occasion and HARQ process ID for the 2nd subset of CG occasion for each periodicity are determined in the figure 5 below.

[image: image5.emf]CG CG CG CG

Periodicity Periodicity Periodicity

CG CG CG CG

HPI=2 HPI=3 HPI=2 HPI=3 HPI=4 HPI=5 HPI=4 HPI=5


Figure 5. an example of HARQ process ID determination for multiple CG occasions (option 2)

Observation 2. HARQ process ID formula could be enhanced to determine HARQ process ID for each CG occasion in a periodicity.

Proposal 1. RAN2 is kindly asked to discuss how to configure HARQ process ID offset and the number of HARQ processes (option 1) per each CG occasion in the periodicity or (option 2) per CG configuration.

Proposal 2. Based on the selected option in proposal 1, RAN2 is kindly asked to discuss HARQ process ID formula not to overlap HARQ process ID between adjacent CG occasions in a periodicity.
2.2 Retransmission-less CG support
For some XR traffic e.g., pose control information for which the most recent information is more important than reliable transmission and retransmission may not be necessary. In such a case it may be sufficient to consider retransmission-less CG. Then it may be considerable for XR whether to apply HARQ mode B which is defined not to assume retransmission in NTN.
(1) HARQ mode B for CG only

In NTN, HARQ mode B is applicable for all HARQ processes regardless of grant type, i.e. CG or DG. In XR whose target service is delay-sensitive, DG should not be a consideration. When applying HARQ mode B operation to XR, the HARQ mode operation applicable only for CG and CG-related resources (e.g., UL grant for initial transmission or retransmission, etc.) can be defined. For example, all HARQ processes for a CG with type B HARQ mode are considered as HARQ processes with HARQ mode B. 
(2) CG Timer and DRX Timer configuration for CG with HARQ mode B

ConfiguredGrantTimer is configured to reserve a HARQ process for retransmission of the previous transmission. Since we are considering retransmission-less CG, it is reasonable not to start ConfiguredGrantTimer for the CG with type B HARQ mode. For this operation, gNB can configure not to start ConfiguredGrantTimer for the CG. This configuration can be applied to all the HARQ processes associated to the CG or per HARQ process of the CG. For those CG-related resources, gNB can also configure not to start drx-HARQ-RTT-TimerUL. Unless drx-HARQ-RTT-TimerUL is configured for the CG or a HARQ process associated to the CG, UE does not start drx-HARQ-RTT-TimerUL after the transmission.
Observation 3. type B HARQ mode in NTN can be applied for retransmission-less CG for XR.

Proposal 3. RAN2 is kindly asked to confirm that type B HARQ mode can be configured for CG for XR.

Proposal 4. RAN2 is kindly asked to discuss that ConfiguredGrantTimer and drx-HARQ-RTT-TimerUL are not started for a CG with type B HARQ mode or a HARQ process of a CG with type B HARQ mode.
3 Conclusion

Observation 1. Different HARQ process IDs should be used for different CG occasions in the same periodicity to avoid either the use of the next CG by configuredGrantTimer or HARQ buffer overriding which blocks the retransmission of the previous CG due to HARQ process ID overlapping.

Observation 2. HARQ process ID formula could be enhanced to determine HARQ process ID for each CG occasion in a periodicity.

Observation 3. type B HARQ mode in NTN can be applied for retransmission-less CG for XR.

Based on the above observations, RAN2 is asked to discuss and capture the following proposal:
Proposal 1. RAN2 is kindly asked to discuss how to configure HARQ process ID offset and the number of HARQ processes (option 1) per each CG occasion in the periodicity or (option 2) per CG configuration.

Proposal 2. Based on the selected option in proposal 1, RAN2 is kindly asked to discuss HARQ process ID formula not to overlap HARQ process ID between adjacent CG occasions in a periodicity.

Proposal 3. RAN2 is kindly asked to confirm that type B HARQ mode can be configured for CG for XR.

Proposal 4. RAN2 is kindly asked to discuss that ConfiguredGrantTimer and drx-HARQ-RTT-TimerUL are not started for a CG with type B HARQ mode or a HARQ process of a CG with type B HARQ mode.
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