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[bookmark: _Ref68628695]Introduction
5G eXtended Reality (XR) and Cloud Gaming (CG) traffics are characterized by the quasi-periodic data generation, tight delay budget and high data rate. In 3GPP Rel-17, performance of the 5G XR service was assessed based on system level evaluation methodology. During the study item, traffic models and deployment scenarios were defined for the evaluation of capacity, UE power consumption, coverage and mobility. In Rel-18, 3GPP will continue with the study of potential enhancements on XR-awareness, UE power saving and capacity improvements for the better support of NR based XR services [1]. 
In this paper, we will discuss potential enhancements for XR-specific capacity improvements with the focus on CG enhancements and dynamic scheduling and grant enhancements. 
CG Enhancements
XR traffic consists of traffic bursts which are periodic with some time jitter in the arrival. These traffic bursts may have different packet sizes (lengths) and different number of packets within each burst. Dynamic grant-based operation can be used to handle the XR traffic but at the expense of additional signalling (PDCCH) and additional power consumption (PDCCH decoding). Given the periodic nature of XR traffic, more power efficient periodic schemes like CG are very likely candidates to be used for XR operation. However, in addition to the above issues, there may be a tempo mismatch between the XR traffic and the CG cycles. These may cause some issues as in the following cases:
· Case 1: variable number and sizes of packets per burst (period), hence CG occasion may either be smaller or larger than the required resources, leading to:
· Wasted resources if more resources than needed are allocated
· Delays if less resources than needed are allocated
· Unnecessary gNB beam direction reservation especially for UL if more resources than needed are allocated
· Case 2: jitter and tempo mismatch between CG and XR bursts, leading to:
· Delays if resources are not aligned with traffic
Hence, having preconfigured and fixed CG parameters may not be efficient, and we may need to have some enhancements. In this section, some techniques are introduced to mitigate these issues.

CG Set Switching and Skipping
As the traffic is periodically generated by XR application, it is suitable to use configured grant (CG) for the UL XR video data transmission. Rel-16 supports activation of one CG at a time by the DCI and joint release of multiple active CGs by one DCI. When multiple Type 2 CGs are configured for a UE, HARQ process number field in the activation DCI indicates the index of the activated CG. Release of multiple Type 2 CGs relies on a list of sets of configured CGs. When the list is configured, HARQ process number field in the release DCI indicates the index of a set of Type 2 CGs to be released. 
For XR, the large video frame data size may require more than one PUSCHs to be transmitted in each video frame period. Enhancements for UL CG can then be introduced to create multiple PUSCH opportunities around the same CG occasion. It would be convenient to use the Rel-17 multi-PUSCH scheduling DCI to provide the resource allocation information for these PUSCHs. Two mechanisms can achieve the similar effect either based on multiple PUSCHs activated for the same CG occasion or multiple CGs jointly activated by the same DCI.
[bookmark: p1]Proposal 1: For XR UL video data transmission, use a single activation DCI for the following cases based on the multi-PUSCH scheduling DCI
· Case 1: activate a single CG with multiple PUSCHs on a CG occasion
· Case 2: activate multiple CGs with one PUSCH on an occasion of each CG


Case 1


Case 2
Figure 1: Multiple CG PUSCHs activated simultaneously
For dynamic data scheduling, NR Rel-17 has introduced the PDCCH adaptation mechanism including PDCCH skipping and search space set group (SSSG) switching. By PDCCH adaptation, network can switch between high efforts and low efforts for UE PDCCH monitoring according to the traffic condition. This allows for both UE power saving and efficient data communications. There is no similar mechanism for CG based UL data transmission. Given joint release of multiple CGs is already supported by NR, if one DCI can activate a set of CGs (i.e., by the proposal above) and release another set of CGs simultaneously, this will result in a CG set switching mechanism. Similar to SSSG switching, this allows for adaptive adjustment of CG periodicity and adaptation of other scheduling information to better fit the channel and traffic conditions. For example, the number of PUSCHs and CG periodicity may be adjusted to reflect the when the video encoding algorithm is adaptative to the varying channel conditions or the application.
CG set switching can be triggered by a DCI that activates multiple CGs simultaneously and in the meanwhile releases the current set of active CGs that are not included in the CGs to be activated. Similar to the SSSG switching, timer-based switching can be defined. I.e., UE switches back to the previous set of active CGs before the CG set switching is triggered after a timer expires when UE stays with the current set of active CGs. The timer value can be configured by RRC. Consider that the dynamic scheduling function has been replaced by CG, the timer value for CG set switching can also be indicated by the activation DCI by repurposing the “PDCCH monitoring adaptation indication” field.
[bookmark: p2]Proposal 2: Introduce the CG set switching mechanism to simultaneously activate one set of CGs and deactivate another set of CGs for adaptative CG configuration. Timer based switching can be introduced.
Similar to Rel-17 PDCCH adaptation which has both SSSG switching and PDCCH skipping, CG adaptation can be realized by a CG skipping mechanism by temporarily disabling a set of currently active CGs for a time duration. CG set skipping can be realized by the CG release DCI that jointly releases a set of CGs. In this case, the current NR design can be reused to indicate the set of CG by the HARQ process number field in the DCI. The time duration when the CGs are temporarily deactivated can be either configured by RRC or in the release DCI by repurposing the “PDCCH monitoring adaptation indication”.
[bookmark: p3]Proposal 3: Introduce the CG set skipping mechanism to temporarily deactivate a set of CGs and reactivate it after a timer expires.
In addition, for a single CG with multiple PUSCHs on a CG occasion (i.e., case 1 above), we can adapt to the variable number and sizes of packets per burst. This is mainly to reduce the resource wastage (if more than needed PUSCHs in an occasion are configured) or delays (if less than needed PUSCHs in an occasion are configured). In these cases, it may be a good addition to the proposal to let the gNB or the UE signal some modifications to the PUSCHs in these occasions. Such modifications may include skipping, changing parameters (e.g., MCS, # RBs, …), or adding extra PUSCHs. This can be indicated using DCI/UCI or MAC-CE on dedicated resources (PDCCH or PUCCH) or piggy-backed on previous a PUSCH in the same of different occasion. An CG example is shown in Figure 2. 
[bookmark: p4]Proposal 4: For single CG with multiple PUSCHs on a CG occasion, consider studying methods to skip, modify, or add extra PUSCHs in an occasion.


[bookmark: _Ref102058847]Figure 2: Single CG with multiple PUSCHs on a CG occasion
Dynamic Configuration of CG Occasions
If the  CG configuration are allowed to be changed dynamically by indication from the gNB and/or UE, they can be adapted to the XR traffic characteristics. Parameters may include: 
· Cancelling occasions
· If one or more occasions do not contain data, an indication may be sent earlier to cancel them
· May be resource efficient
· Frees UL beams which may have been reserved for that UE 
· Adding extra occasions
· If the CG occasion resources is not enough for the burst
· May lead to less delays
· Shifting occasions in time (advance or delay)
· This can be very useful in cases of jitter and/or mis-alignment due to tempo mismatch
· May lead to less delays
· Shifting occasions in frequency
· This can be very useful in cases of time domain collision between UEs
· May lead to less delays
· Modifying the occasion parameters (e.g., MCS, # RBs, # symbols, TCI state, etc.)
· If the CG occasion resources do not match the XR burst
· May be resource efficient
· May lead to less delays
Different methods for indicating these modifications/adaptations can be used. These may include: WUS (can be sequence or channel), DMRS, DCI, RMI (UL message for resource modification indication), MAC-CE (of DG/ CG), piggy-backed DCI/UCI on DG/CG, PUCCH, and SR.
The modifications/adaptation may be done for:
· For one or more specific occasions 
· In the form of occasions utilization (ON/OFF) pattern for the upcoming N occasions
In addition, to allow for additional un-expected traffic, for the cycles with skipped CGs cycles, the gNB may configure the UE to implicitly add additional PDCCH monitoring or additional SR locations in these canceled cycles.
Figure 4 shows an example of operation with CG dynamic adaptation.
[bookmark: p5]Proposal 5: For XR, consider studying methods to dynamically adapt the CG parameters to the traffic bursts.


[bookmark: _Ref101787505]Figure 4: CG dynamic adaptation
In addition, to reduce signalling and/or delays, it may be beneficial to have the capability to jointly handle one or more CG configurations using the same RRC, DCI, MAC-CE message. The handing can include: configuration, activation, deactivation, skipping certain occasions, adding extra occasions, shifting in time/frequency, or beam changes. This joint handling can be for one or more CGs belonging to a single or multiple component carriers (CCs) – i.e., cross carrier handling. 
[bookmark: p6]Proposal 6: For XR, consider studying methods to jointly handle multiple CG configurations on the same or on different CCs using the same message
XR Periodicity Alignment
R16/17 CG periodicity values mismatch with the periodicity of XR UL traffic arrivals. This means that there is a tempo mismatch between them. The typical XR traffic periodicities are 60, 120 frames per seconds (fps) or Hz, of which frame periodicities are 16.67ms, 8.33ms. Since CG periodicity values support only integer multiples of slot, no matter which periodicity is chosen from currently available values from TS38.331, it cannot be exactly aligned with UL traffic arrival timing. Figure 5 illustrates the case of XR periodicity mismatch between 60fps XR traffic and CG periodicity of 16 slots and 17 slots in 15kHz SCS. This would lead to XR capacity loss due to the packet delay caused by the timing difference between CG resources and actual XR traffic. In TDD system, UL resource pattern also needs to be considered for CG resources.
[bookmark: o1]Observation 1: There is a time mismatch issue between periodic XR UL traffic and R16/17 CG configuration. This will lead to XR capacity loss due to the packet delay caused by the timing difference between CG resources and actual XR traffic.
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[bookmark: _Ref101804313]Figure 5 Mismatch between XR UL traffic (60fps) and R16/17 CG periodicity (16 slots or 17 slots) 
[bookmark: p7]Proposal 7: RAN1 should discuss a solution to address the time mismatch between R16/R17 CG configuration. The solution can be like those under consideration for a similar issue that exists for CDRX.
XR Scheduling Enhancements 
As the traffic generated by XR application is quasi-periodic, it is suitable to use configured grant (CG) for the UL XR data transmission. When compared to dynamic grant (DG), CG reduces the overhead of a scheduling DCI. Moreover, the UE does not need to transmit SR, monitor PDCCH for UL grant, transmit a BSR and then finally transmit UL data. This reduces latency and allows UL packet transmission to meet the PDB. However, the configuration of resource allocation of CG is semi-static. Therefore, the CG configuration cannot adapt to the XR traffic packet sizes. 
In many cases, the resource allocation may be overallocated since the gNB does not obtain periodic or regular BSRs from the UE reflecting its buffer size. An overallocation requires the UE to transmit over all granted resources. The UL transport block includes padding bits such that all RBs are utilized. Having the UE transmit over all – possibly overallocated granted resources – increases the uplink interference and therefore decreases capacity. Moreover, if the gNB can utilize the skipped resources for other UEs transmissions, the capacity with enhanced scheme is expected to increase as well. This enhancement also decreases power consumption and we have provided related simulation in our companion XR power saving paper [4].
In RAN1 #110-bis-e, the following has been agreed
Agreement
To study whether/how the enhanced CG candidate techniques are necessary and beneficial for improving XR capacity, focus at least on the following techniques:
· Dynamic indication of the unused CG PUSCH occasion(s) or resource(s) by the UE
· Increase CG PUSCH transmission occasions in a duration 

For error-free demodulation in the UL, the UE must inform the network of which resources in the UL grant have been skipped. Dynamic indication can be utilized and the UE may indicate the unused resources through control signalling. The Rel-16 NRU UCI-CG or a dedicated UCI may be used in this case. In the case of UCI-CG, NR-U supports UCI-CG transmitted on PUSCH. The UCI-CG indicates HARQ ID, RV, CoT, NDI, etc.. The UCI-CG may include more fields to indicate unused resources. Alternatively, a new dedicated UCI can be used to indicate the skipping. 
[bookmark: o2]Observation 2: For proper demodulation in the UL, gNB is required to know which of the UL resources the UE has skipped 
[bookmark: p8]Proposal 8: UCI-CG or a new UCI can indicate the unused resources in the CG-PUSCH 

Dynamic Scheduling and Grant Enhancements
HARQ-ACK Enhancement for Dynamic Grant-Based Scheduling
HARQ allows to recover transport blocks that are not successfully decoded by means of retransmissions. It can be leveraged to use MCS close to what the radio channel can support while maintaining high reliability. However, because of the HARQ round trip delay, it can have a significant impact on latency.
The gNodeB chooses the MCS for a transmission based on its knowledge of the channel conditions, but it cannot always precisely predict how they evolve. Therefore, the gNodeB may sometimes overestimates the MCS, leading to multiple retransmissions before proper decoding of the transport block. The resulting latency can impact XR performance.   
Reference [2] presented the idea of soft HARQ-ACK, where the UE provides enhanced HARQ-ACK feedback beyond the single bit ACK/NACK status in the form of a Delta MCS based on PDSCH decoding. By allowing the UE to provide additional information based on reception of a transport block, soft HARQ-ACK allows the gNodeB to adapt the scheduling of retransmissions and thereby allows the UE to decode the transport block without waiting for too many additional HARQ round trips. For the system level simulations in this contribution, we adopted the soft HARQ-ACK feedback for timely delivery of the XR video frames. Both the AWGN and bursty interference caused by MU-MIMO should be considered. The intent is to have more aggressive one-time retransmissions so that the need for more rounds of HARQ-ACK report and retransmission is eliminated. The soft HARQ-ACK feedback uses SINR measurements done on each TB and link curves obtained from link level simulations. Then the information the UE feeds back to the gNodeB is an estimation of how far the experienced SINR is from the SINR that would allow a reliable decoding of the TB. Based on this feedback, the scheduler may decide to schedule more than one retransmission without waiting for another HARQ round trip. 
Large bit-rate requirements of XR traffic may require wideband RB allocations. When adapting the scheduling based on soft HARQ-ACK, if the RB allocation is already wideband, it is not possible to increase the frequency resources further. One possibility is to use the time domain instead – the gNodeB can repeat the retransmission multiple times based on the soft HARQ-ACK feedback. We next present simulation results showing gains of such a scheme over a baseline scheme without HARQ-ACK enhancements.
Simulation Assumptions
 HARQ round trip delay depends on UE and gNodeB processing delays, as well as TDD configuration. Here are our assumptions:
· TDD configuration: DDDSU
· UE processing delay: Capability 1
· gNodeB processing delay (from HARQ feedback to retransmission) = 4, 6 or 8 slots
· When this processing delay is set to K, that means a NACK received in slot n will trigger a retransmission in the downlink slot after slot (n + K) in the TDD configuration
Other simulation assumptions follow the baseline as suggested by TR 38.838 [3]. We show XR capacity results for Dense Urban and Indoor Hotspot scenarios. The traffic consists of 60Mbps, 60Hz video with 10ms PDB, over downlink only.
Simulation Results
Figure 6 to Figure 11 show the ratio of satisfied UEs (based on ≥ 99% packet completion rate) as a function of the number of UEs in the cell for the dense urban and indoor hotspot scenarios respectively. Results are presented for soft HARQ-ACK as well as baseline HARQ-ACK for 4, 6, and 8 slots gNodeB processing delay. (Simulation results summary is provided in the Appendix section).
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[bookmark: _Ref87013912]Figure 6: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4, 6, and 8 slots NACK to retransmission delay, Dense Urban, 60Mbps, 60fps DL stream, 10ms PDB

[bookmark: _Ref117962977]Table 1 FR1, Dense Urban, VR/AR 60Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	4.6
	4
	94.50%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	0
	0
	N.A.

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	2.8
	2
	92.90%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	N.A.

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	8
	Soft
	2
	2
	90.10%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	8
	Baseline
	0
	0
	N.A.

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay
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[bookmark: _Ref87013915]Figure 7: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4, 6, and 8 slots NACK to retransmission delay, Indoor Hotspot, 60Mbps, 60fps DL stream, 10ms PDB

Table 2 FR1, Indoor Hotspot, VR/AR 60Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	2.93
	2
	97.70%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	0
	0
	N.A.

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	2.1
	2
	91.25%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	N.A.

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	8
	Soft
	1.17
	1
	91.25%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	8
	Baseline
	0
	0
	N.A.

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay
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Figure 8: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4 and 6 slots NACK to retransmission delay, Dense Urban, 45Mbps, 60fps DL stream, 10ms PDB
Table 3: FR1, Dense Urban, VR/AR 45Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	7.46
	7
	92.3%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	6.64
	6
	92.1%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	5.55
	5
	92.4%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	-

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay
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Figure 9: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4 and 6 slots NACK to retransmission delay, Indoor Hotspot, 45Mbps, 60fps DL stream, 10ms PDB
Table 4:  FR1, Indoor Hotspot, VR/AR 45Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	5.4
	5
	92.3%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	4.5
	4
	93.1%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	4.1
	4
	91.0%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	-

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay
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Figure 10: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4 and 6 slots NACK to retransmission delay, Dense Urban, 30Mbps, 60fps DL stream, 10ms PDB
Table 5:  FR1, Dense Urban, VR/AR 30Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	11.9
	11
	94.1%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	11.3
	11
	91.3%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	10.4
	10
	92.0%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	-

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay
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[bookmark: _Ref114928140]Figure 11: Capacity comparison between soft HARQ-ACK and baseline HARQ-ACK for 4 and 6 slots NACK to retransmission delay, Indoor Hotspot, 30Mbps, 60fps DL stream, 10ms PDB
[bookmark: _Ref117962982]Table 6: FR1, Indoor Hotspot, VR/AR 30Mbps, 60fps DL stream
	TDD format
	SU/MU-MIMO
	Transmission scheme
	gNodeB delay1 (slots)
	HARQ-Ack feedback
	Capacity (UEs/cell)
	C1=floor (Capacity)
	% of satisfied UEs when #UEs/cell =C1

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Soft
	8.96
	8
	95.0%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	4
	Baseline
	8.5
	8
	92.9%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Soft
	7.8
	7
	93.5%

	DDDSU
	MU-MIMO
	reciprocity-based precoding
	6
	Baseline
	0
	0
	-

	Notes: Random traffic arrival offset among UEs, PDB: 10ms
1: NACK to retransmission delay



These figures show the benefit brought by soft HARQ-ACK feedback. A significant increase in XR capacity is observed in these conditions for the soft HARQ-ACK based approach as compared to the baseline HARQ-ACK scheme.
The gain of soft HARQ-ACK relative to baseline HARQ-ACK increases when the HARQ round trip delay increases (which is modeled here by increasing gNodeB processing delay).
[bookmark: o3]Observation 3: Soft HARQ-ACK is observed to provide a significant gain in XR capacity over baseline HARQ-ACK.
[bookmark: o4]Observation 4: The gain of soft HARQ-ACK relative to baseline HARQ-ACK increases when the HARQ round trip delay increases.
Based on the observations and discussions, we have the following proposal.
[bookmark: p9]Proposal 9: Capture evaluations results in  for Soft HARQ-ACK in Table 1 to Table 6 in TR 38.835.


Enhancements to Single DCI Multi-PDSCH/PUSCH Scheduling
In Rel-16 NR-U, one DCI scheduling multiple independent PUSCHs was specified with a restriction that the PUSCHs are within consecutive slots. In Rel-17 NR 52.6 GHz to 71 GHz communication, one DCI scheduling multiple independent PDSCHs were introduced. During Rel-17, the restriction of consecutive slot was removed for multi-PUSCH scheduling with a single DCI. The multi-PDSCH/PUSCH scheduling feature enables a flexible time domain resource allocation with separate mapping type, scheduling offset and SLIV for each of the scheduled PDSCH or PUSCH. The number of scheduled PDSCHs or PUSCHs is determined by the number of SLIVs in the indicated entry of the RRC configured TDRA table.
The multi-PDSCH/PUSCH scheduling DCI is especially suitable for XR video data scheduling as it can address several design goals simultaneously including jitter handling as well as large and variable data size. In the meanwhile, it saves UE power saving for PDCCH monitoring by using a single DCI to schedule data of the same video frame in multiple slots. As a data scheduling DCI, it also supports the Rel-17 PDCCH adaptation feature including the PDCCH skipping and search space set group (SSSG) switching.
[bookmark: o5]Observation 5: Multi-PDSCH/PUSCH scheduling DCI is suitable for XR video data transmission for jitter handling, scheduling of large and variable size of video frame data and UE power saving by PDCCH monitoring reduction.


Figure 12: multi-PDSCH scheduling DCI with jitter handling and PDCCH skipping
The Rel-17 multi-PDSCH scheduling DCI can schedule up to 8 PDSCHs. In the meanwhile, there are scenarios where the number of PDSCHs carrying the same video frame can be larger than 8. For example, when the UE is around cell edge, the relatively low MCS may result in a large number of PDSCHs transmitted in more than 8 slots. For another example, when XR application is supported by a RedCap UE, the limited maximum supported bandwidth (e.g., << 100MHz) may require additional PDSCHs beyond 8 for the transfer of a video frame. For these reasons, it is necessary to increase the maximum number of schedulable PDSCHs to be larger than 8 for the multi-PDSCH scheduling DCI. There may not be such a need for the multi-PUSCH scheduling DCI due to much smaller data size of a UL video frame.
[bookmark: o6][bookmark: o8]Observation 6: If data of a XR video frame is scheduled by the same DCI, the number of schedulable PDSCHs may need to be increased beyond 8.
Increasing the maximum number of schedulable PDSCHs does not necessarily increase the DCI field size for the Time Domain Resource Assignment (TDRA) field because the actual resource allocation information is provided by the TDRA table. Increasing the maximum number of schedulable PDSCHs will increase field size of the New Data Indicator (NDI) field and Redundancy Version (RV) field because NDI and RV are separately indicated to each scheduled PDSCH. For example, when multiple PDSCHs are scheduled by a DCI, the RV field has 1 bit for each TB of each PDSCH. For XR video data transmission especially when the number of PDSCH slots is large (e.g., > 8), the chance of having multiple retransmissions for the same TB is low given the tight PDB requirement. For the multi-PDSCH scheduling DCI, HARQ process number is explicitly indicated by the scheduling DCI for the first scheduled PDSCH and is incremented by 1 for the subsequent PDSCHs. Then when gNB transmits the XR video data in a burst, it is less likely to align the retransmissions and first transmissions of different TBs. This implies that the multi-PDSCH scheduling DCI may be most of the time useful for the first transmission of TBs for the XR video data. For these reasons, when more than 8 PDSCHs are scheduled by the same DCI, the RV field can be removed to avoid the increase of DCI size without impacting the scheduling flexibility although the DCI does not preclude the scheduling of retransmissions.
[bookmark: p10]Proposal 10: When more than 8 PDSCHs are scheduled by the same DCI, the RV field can be removed from the scheduling DCI to avoid the increase of DCI size.
When the gNB transmits the XR video data in a burst, it may use the single DCI scheduling multi-PDSCHs. After reception of the multi-PDSCHs, the UE may not need to receive more PDSCHs for the same burst and as such the gNB can send an indication for the UE to send the UE to a lower power state mode after reception of multi-PDSCHs. PDCCH skipping after decoding of the multi-PDSCHs provides power saving gains and capacity gains since it allows the UE to skip PDCCH monitoring after reception of the PDSCHs.
[bookmark: p11]Proposal 11: PDCCH skipping indication in the single DCI scheduling multi-PDSCHs allows for PDCCH skipping after decoding of the multi-PDSCHs 
To adapt to the XR traffic characteristics, dynamic grants may be used in certain cases. However, dynamic grants are flexible but at the expense of increased PDCCH monitoring and hence increased power consumption. In this section, we consider enhancements for the single DCI multi-PDSCH/PUSCH.
XR traffic may be such that it has jitter and/or non-integer cycles and different number and lengths of packets per burst. The current single DCI multi-PDSCH/PUSCH design may be restrictive for XR. Consider the following cases:
· Case 1: an XR traffic burst consists of packets of different sizes 
· With the current NR design, since the sizes of the PDSCHs should be the same, a DCI would grant multiple PDSCHs dimensioned over the maximum packet size à causes resource waste
· Case 2: at the time of the granting DCI, the gNB may know some of the traffic patterns (or some time into the future) but may not know the rest (or cannot predict so far into the future). To mitigate this issue:
· The gNB may grant a fewer number of PDSCH/PUSCH à causes more DCIs to be sent + more delays
· The gNB may over-grant resources to account for un-expected resources à causes resource waste and un-necessary UL beam reservation
[bookmark: o7][bookmark: o9]Observation 7: The existing single DCI scheduling multi-PDSCH/PUSCH framework can cause resource waste, additional delays, or more control signalling.
To mitigate these issues, the following enhancements can be made:
· Enhancement 1: allow for different configurations per PDSCH/PUSCH in a single DCI grant, e.g., different MCS, FDRA, etc.
· Enhancement 2: resource efficient single DCI Multi-PDSCH/PUSCH (examples in Figure 9)
· After the single DCI grant, the gNB may change the behavior of one or more of the already granted PDSCHs/PUSCHs, e.g.:
· Skipping or activating resource
· Change TCI state/spatial relation
· Change MCS, FDRA, TDRA, #RBs, etc…
· Change from new TB to repetition
· The behavior change can be:
· Explicitly signaled: WUS (wake-up-signal), PDCCH (DCI), MAC-CE (using DG or CG), piggy-back DCI, SR, PUCCH, or RRC
· Implicit: e.g.: cancel pre-granted DL PDSCH after a HARQ-ACK
· Enhancement 3: the current support for single DCI scheduling multiple PDSCHs is such that a single HARQ-ACK is sent for all the PDSCHs after all PDSCHs are decoded. For XR, this may add to the delays and hence may affect the PDB/capacity. Enhancements to send multiple HARQ-ACKs each for a subset of the PDSCHs may help reduce the latency (Figure 10).
The following proposal can be made:
[bookmark: p12]Proposal 12: For XR, consider studying enhancements for single DCI scheduling multi-PDSCH/PUSCH grants including:
· Allowing for different configurations per PDSCH/PUSCH in a single DCI grant
· Allowing the gNB to change the behavior of one or more of the already granted PDSCHs/PUSCHs after the granting DCI
· Allowing for multiple HARQ-ACKs each for a subset of the multiple PDSCHs


[bookmark: _Ref101797047]Figure 13: Enhanced single-DCI multi-PDSCH
[image: ]
[bookmark: _Ref110858971]Figure 14: Multiple HARQ-ACKs
Enhanced Measurement Gap (MG)
Issue: XR Traffic Interruption by MG
MG is essential for UE to efficiently operate in multi-frequency networks. MG allows UE to temporarily suspend the communication with serving cell and perform the measurements for inter-frequency HO, inter-RAT HO, FR2 Rx beam search for intra-frequency HO and/or CLI.
In R15/16/17 specs, when gNB configures MG to UE in RRC, all of MGs are always activated with a higher priority than PDSCH and PUSCH except Msg2/3/4/A/B. It means that when the MG occasion is overlapped with XR traffic, MG interrupts the XR traffic transmission for its MG length. gNB also requires the extra preparation time ahead of MG to prevent HARQ feedback timing to be placed in the MG.
Figure 13 illustrates the case of 30fps XR DL traffic interrupted by the MG of 40ms repetition period. MG repetition period can be configured by 20ms, 40ms, 80ms or 160ms, which cannot be aligned with non-integer XR periodicity. Thus, while XR frames continues, we cannot avoid that MG is placed in the middle of XR traffic transmission. As a result, the MG frequently interrupts the XR traffic transmission, and the data packets of the related XR frames can hardly meet the PDB requirement 10ms.
[bookmark: o10]Observation 8: In R15/16/17 MG operation, all configured MGs are always activated with a higher priority than PDSCH and PUSCH except Msg2/3/4/A/B, which may cause a frequent XR traffic interruption and highly degrade the user experience.
[image: Diagram

Description automatically generated]
[bookmark: _Ref101850716]Figure 15 XR DL traffic interrupted by measurement gaps
Moreover, when MG is configured with CDRX, UE may enter the inactivity state during the MG, because DRX timers may be expired during the MG period. Figure 14 and Figure 15 illustrate the cases when DRX inactivity timer and DRX on-duration timer are expired, respectively. Since the UE already enters the inactivity state, the remained XR traffic packets should be delivered in the next DRX on-duration time, thus significantly increasing the packet delay. Also, the packet delays of the next XR frames could be affected due to the delayed transmission of the previous XR frame. To avoid this problem, the DRX on-duration and inactivity timer should be set more than the MG length, but they would cause a bad impact on the overall UE power consumption.
[bookmark: o11]Observation 9: When CDRX is configured with MG, UE may enter the inactivity state during MG, and the remained packets should be buffered and delivered when the next DRX on-duration cycle starts.
[image: Diagram

Description automatically generated with low confidence]
[bookmark: _Ref101904252]Figure 16 DRX inactivity state during measurement gaps due to DRX inactivity timer expiration

[image: A picture containing timeline
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[bookmark: _Ref101904254]Figure 17 DRX inactivity state during measurement gaps due to DRX on-duration timer expiration
As stated above, the MG can cause a frequent and significant increasing of packet delay in XR and CG applications, so it should be handled carefully along with CDRX operation. We believe that this MG problem can be resolved by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB. Therefore, MG enhancement needs to be discussed in R18.
[bookmark: p14][bookmark: p13]Proposal 13: For XR traffic, MG should be enhanced by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB.

Conclusions
In this contribution, we have provided the following observations and proposals for the XR-specific capacity improvements for NR Rel-16 XR enhancements:
Observation 1: There is a time mismatch issue between periodic XR UL traffic and R16/17 CG configuration. This will lead to XR capacity loss due to the packet delay caused by the timing difference between CG resources and actual XR traffic.
Observation 2: For proper demodulation in the UL, gNB is required to know which of the UL resources the UE has skipped Observation 3: Soft HARQ-ACK is observed to provide a significant gain in XR capacity over baseline HARQ-ACK.
Observation 3: Soft HARQ-ACK is observed to provide a significant gain in XR capacity over baseline HARQ-ACK.
Observation 4: The gain of soft HARQ-ACK relative to baseline HARQ-ACK increases when the HARQ round trip delay increases.
Observation 5: Multi-PDSCH/PUSCH scheduling DCI is suitable for XR video data transmission for jitter handling, scheduling of large and variable size of video frame data and UE power saving by PDCCH monitoring reduction.
Observation 6: If data of a XR video frame is scheduled by the same DCI, the number of schedulable PDSCHs may need to be increased beyond 8.
Observation 7: The existing single DCI scheduling multi-PDSCH/PUSCH framework can cause resource waste, additional delays, or more control signalling.
Observation 8: In R15/16/17 MG operation, all configured MGs are always activated with a higher priority than PDSCH and PUSCH except Msg2/3/4/A/B, which may cause a frequent XR traffic interruption and highly degrade the user experience.
Observation 9: When CDRX is configured with MG, UE may enter the inactivity state during MG, and the remained packets should be buffered and delivered when the next DRX on-duration cycle starts.

Proposal 1: For XR UL video data transmission, use a single activation DCI for the following cases based on the multi-PUSCH scheduling DCI
· Case 1: activate a single CG with multiple PUSCHs on a CG occasion
· Case 2: activate multiple CGs with one PUSCH on an occasion of each CG
Proposal 2: Introduce the CG set switching mechanism to simultaneously activate one set of CGs and deactivate another set of CGs for adaptative CG configuration. Timer based switching can be introduced.
Proposal 3: Introduce the CG set skipping mechanism to temporarily deactivate a set of CGs and reactivate it after a timer expires.
Proposal 4: For single CG with multiple PUSCHs on a CG occasion, consider studying methods to skip, modify, or add extra PUSCHs in an occasion.
Proposal 5: For XR, consider studying methods to dynamically adapt the CG parameters to the traffic bursts.
Proposal 6: For XR, consider studying methods to jointly handle multiple CG configurations on the same or on different CCs using the same message
Proposal 7: RAN1 should discuss a solution to address the time mismatch between R16/R17 CG configuration. The solution can be like those under consideration for a similar issue that exists for CDRX.
Proposal 8: UCI-CG or a new UCI can indicate the unused resources in the CG-PUSCH  
Proposal 9: Capture evaluations results in  for Soft HARQ-ACK in Table 1 to Table 6 in TR 38.835.
Proposal 10: When more than 8 PDSCHs are scheduled by the same DCI, the RV field can be removed from the scheduling DCI to avoid the increase of DCI size.
Proposal 11: PDCCH skipping indication in the single DCI scheduling multi-PDSCHs allows for PDCCH skipping after decoding of the multi-PDSCHs 
Proposal 12: For XR, consider studying enhancements for single DCI scheduling multi-PDSCH/PUSCH grants including:
· Allowing for different configurations per PDSCH/PUSCH in a single DCI grant
· Allowing the gNB to change the behavior of one or more of the already granted PDSCHs/PUSCHs after the granting DCI
· Allowing for multiple HARQ-ACKs each for a subset of the multiple PDSCHs
Proposal 13: For XR traffic, MG should be enhanced by handling the priority of data packets or dynamically activating/deactivating the MG occasions from gNB.
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