3GPP TSG-RAN WG2 Meeting #121bis	R2-2303198
Online, 17th - 26th April 2023

Agenda item:		7.5.4.3
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK36]Source:		Lenovo
Title:		Discussion of CG enhancements
Document for:		Discussion and Decision
1. Introduction
As a conclusion of the Study Item following enhancements have been agreed:
	· Multiple CG PUSCH transmission occasions in a period of a single CG PUSCH configuration;
-	Dynamic indication of unused CG PUSCH occasion(s) based on UCI (e.g., CG-UCI or a new UCI) by the UE.


In this contribution we further discuss on XR-specific capacity improvement on CG. 
2. [bookmark: Proposal_Beacon]Discussion

Following the conclusions from the SI, multiple CG PUSCH transmission occasions in a CG period of a single CG configuration will be supported for XR services. Even though the main impact of this agreement will be for RAN1, we see also some impact for the layer 2/MAC. 

Multiple CG PUSCH configuration

1) Reuse a semi-static multiple slot allocation for one CG configuration for CG type 1/2 via the nrofSlots and cg-nrofPUSCH-InSlot introduced in Rel-16 NR-U. 
2) [bookmark: _Hlk131067985]Introduce a configured INITIAL_NUMBER, which is used to configure the number of the consecutive CG PO only for the initial transmission in the CG period. And each CG PO in one period shares some configuration e.g., MCS etc similar as the ‘repetition’ framework. 
The first approach gives flexibility of CG configuration. However, it seems the second approach is simpler than option1. 

Proposal 1: Discuss the following options to config the multiple CG PUSCH in one CG period:
· Reuse the nrofSlots and cg-nrofPUSCH-InSlot in Rel-16
· Configure INITIAL_NUMBER indicating CG POs only for initial transmission

HARQ process ID determination for each CG PUSCH

In MAC specification, the approaches used for determination of HARQ process ID for each configured PUSCH in multi-PUSCHs CG:
1) For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the CG and indicates the chosen HPID is in the UCI. 
2) For configured uplink grants not configured with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is determined based on formula. E.g., HARQ Process ID = [floor (CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset.
The first approach above is done for NR-U which already supports multiple PUSCHs per period. The second approach only assigns different HPIDs in two consecutive periods. The disadvantage of the first approach is signaling overhead due to UCI. Therefore, for Rel-18 multiple CG PUSCH feature, we prefer that HARQ process ID determination handling based on formula instead of UE implementation to ensure that different HARQ IDs are assigned for each CG PUSCH occasion within one CG period. 
[image: ]
Figure 1 example of HARQ process ID distribution per period
An example in Figure 1 illustrates how the HARQ process IDs among the configured PUSCHs are distributed per period. UE first determines the HPID of the first PO within the one period based on legacy formula and increments the HPID for each remaining PO in the period based on the preceding HPID, e.g, determining the HPID of the next PO by using a harq-ProcID-Offset3 relative to the preceding HPID. For example, assuming 3 POs are configured within one period, the offset is 2. UE determines the HPID pattern as {0,2,4; 1,3,5; 0,2,4; 1,3,5; …} based on first HPID and offset. RAN2 just needs to specify for the remaining HPIDs assignment in the period without impact on the legacy procedure. The forward compatibility is good, and the specification impact is small. 

[bookmark: _Hlk118239928][bookmark: _Hlk131159213]Proposal 2: RAN2 to agree that the HARQ process ID(s) of the subsequent CG PUSCH occsions within a CG period are determined by incrementing the HARQ process ID of the preceding CG PUSCH occasion by a harq-ProcID-Offset3. The HARQ process ID for the first CG PUSCH occasion within a CG period is determined based on the legacy formula.

Dynamic indication of unused CG PUSCH(s)

UE indicates to the gNB unused CG PUSCH resources to allow gNB to reallocate the unused resources. So far the usage of the unused resource indication is determined based on data availability in the UE, e.g. upon arrival of the video frame at UE’s buffer, the UE can determine how much resources out of the configured resources within one CG period is needed, and could indicate the unused amount of resources to gNB so that gNB could schedule other UL transmissions (for the same UE or a different UE) in at least some of the unused resources. 
In the MAC specifications, it is up to the MAC entity to decide whether to deliver the CG information to the physical layer or not. For example, only if a MAC PDU has been obtained and the resource overriding check is passed, the CG resource will be delivered to the physical layer. Therefore, it’d better to specify the unused CG resource determination at the MAC layer/entity. For example, upon generation of a MAC PDU for transmission on CG PUSCH within the period, the MAC entity determines the CG PUSCH resources which are unused and delivers the unused indication including e.g. an offset and duration to the physical layer for constructing the UCI. Also, if UE indicates CG PUSCH occasions as unused to the NW, these resources should be skipped at MAC layer for transmission, i.e. CG PUSCH occasions are not used for data transmission in MAC procedures.

Proposal 3: RAN2 to agree that MAC layer determines the unused CG PUSCH resources , e.g., upon generation of a MAC PDU for transmission on a CG PUSCH resource within the period, and delivers the unused information to the physical layer.

Proposal 4: RAN2 to agree CG PUSCH resources indicated as unused are not used for data transmission.

We think that unused CG PUSCH resource indication should be also applied for cases when UE discards a PDCP SDU/PDU and skips the transmission of the corresponding TB when discarding was done based on an exceeded PSDB or “lost PDU” for a LCH for which PSIHI is set to true. The UE, e.g. PDCP layer, should indicate to the physical layer that the PSDB of an PDU set, e.g. for which SDUs have been already delivered to lower layer for transmission, has been exceeded. In response to the reception of such indication PHY skips the transmission of the corresponding PDCP SDUs on CG PUSCH resources. UE may also estimate/predict that the PDCP discard timer of an PDU/SDU will expire before the corresponding transmission occasion, e.g. CG PUSCH occasion, and indicates to the PHY to not perform the corresponding CG PUSCH transmission. We propose that UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost.  

Proposal 5: UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost for a LCH for which PSIHI is set to true.

Retransmission-less CG

It is understood that this functionality is already specified in the system, for NTN. Interested companies are 
encouraged to bring in CR proposals to RAN2 to show how this functionality would be made available to XR. RAN2 chair confirmed to handle these proposals in the XR session, and RAN2 is expected to make a decision on these proposals as per normal process.

According to RAN#99, RAN2 is tasked to discuss the retransmission-less CG functionality, which is an promising technique to reduce power consumption. For example, for the transmission of small packets with a very strict latency requirements it would be beneficial to not rely on HARQ retransmissions but rather transmitting the packets with a high reliability by using a conservative MCS. One of the use cases might be the transmission of pose/control information in the UL. 

It should be noted that in Rel-17 NTN the disabling of DRX HARQ RTT timers has been already standardized. Here an UL HARQ process can be configured with an uplinkHARQ-Mode: a configuration to set HARQmodeA or HARQmodeB per UL HARQ process. The two HARQmode are defined as follows:

· HARQmodeA: length of drx-HARQ-RTT-TimerUL is extended by UE-gNB RTT (i.e. UE PDCCH monitoring is optimized to support UL retransmission grant based on UL decoding result).
· HARQmodeB: drx-HARQ-RTT-TimerUL is not started. 
Furthermore, a new LCH mapping restriction was introduced, where a LCH can be configured with an allowed uplinkHARQ-mode for transmission, i.e. allowedHARQ-mode. During the LCP procedure only those LCHs are considered which satisfy the corresponding HARQmode for the UL HARQ process being associated with the UL grant. 

For XR communication the disabling of the drx-HARQ-RTT-TimerUL is only considered for configured grants. Therefore, we don’t see a need to introduce a LCH mapping restriction similar to one introduced for Rel-17 NTN. The existing LCH to CG mapping restrictions are sufficient to ensure that only certain LCHs are allowed to use a CG PUSCH transmission occasion.
Consequently, for XR communication we see two different approaches to implement a retransmission-less CG operation

· Option 1: configured grant (CG) configuration includes a new IE indicating whether CG PUSCH transmissions on the configured grant resources trigger the starting of the drx-HARQ-RTT-TimerUL timer.
· Option 2: UL HARQ process is configured with a DRXmode, which indicates whether the starting of the drx-HARQ-RTT-TimerUL is enabled or disabled.

From our perspective, Option 1 is slightly preferred over option 2 even though option 2 might be closer to the behaviour specified for Rel-17 NTN. Since the retransmission less operation is limited to CG PUSCH transmission – this is different to Rel-17 NTN - we think that configuring the behaviour per CG configuration is more suitable, e.g. enable/disabling starting the drx-HARQRTTtimerUL. 
 
Proposal 6: RAN2 to agree on option 1, configuration per CG configuration whether CG PUSCH transmissions on the configured grant resources trigger the starting of the drx-HARQ-RTT-TimerUL timer 

PSI to CG mapping


In RAN2#121 meeting it was agreed that the mapping a DRB carrying PDU sets of different importance level to multiple LCHs is not supported. Consequently, a LCH may carry PDU sets of different importance levels (PSI value) as shown in the figure above. If I-frames and P/B frames are carried by the same LCH, it is difficult with the current configuration (LCH-CG mapping restriction), to map I-frames and P/B-frames to different specific CG configurations. It should be noted that I -frames have a different periodicity and frame size compared to P-frames. 
Even though it is supported that one LCH can be mapped to multiple CG configurations, it will be difficult from the timing perspective that the different PDU sets end up on the corresponding intended CG configurations. Therefore, we think that some new mapping restriction between PSI level and CG configuration should be introduced, e.g. similarly to the LCH-to-CG mapping, a mapping between PSI level and CG configuration is introduced. By this new mapping restriction, it can be ensured that PDU sets of a certain PSI level are using the intended CG configuration. 

Proposal 7: RAN2 to discuss the introduction of a PSI-to-CG configuration mapping configuration. 
3. Conclusion
In this contribution, we discuss XR-specific capacity improvements. We have the following proposals:
Proposal 1: Discuss the following options to config the multiple CG PUSCH in one CG period:
· Reuse the nrofSlots and cg-nrofPUSCH-InSlot in Rel-16
· Configure INITIAL_NUMBER indicating CG POs only for initial transmission
Proposal 2: RAN2 to agree that the HARQ process ID(s) of the subsequent CG PUSCH occsions within a CG period are determined by incrementing the HARQ process ID of the preceding CG PUSCH occasion by a harq-ProcID-Offset3. The HARQ process ID for the first CG PUSCH occasion within a CG period is determined based on the legacy formula.

Proposal 3: RAN2 to agree that MAC layer determines the unused CG PUSCH resources , e.g., upon generation of a MAC PDU for transmission on a CG PUSCH resource within the period, and delivers the unused information to the physical layer.

Proposal 4: RAN2 to agree CG PUSCH resources indicated as unused are not used for data transmission.

Proposal 5: UE indicates CG PUSCH resources as “unused resources” for cases that a CG PUSCH transmission is skipped due to the expiry of an PDCP discard timer, e.g. due to exceeding the PSDB, or when one PDU of a PDU set is known to be lost for a LCH for which PSIHI is set to true.

Proposal 6: RAN2 to agree on option 1, configuration per CG configuration whether CG PUSCH transmissions on the configured grant resources trigger the starting of the drx-HARQ-RTT-TimerUL timer. 
Proposal 7: RAN2 to discuss the introduction of a PSI-to-CG configuration mapping configuration. 
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