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Introduction
[bookmark: _Hlk101186498]During RAN#94-e plenary [1], it was agreed that XR and CG present a set of attractive use cases for future mobile systems that also impose a set of challenges for NR that need to be studied and potentially addressed. From the Release 17 Study item on “XR evaluations” it is clear that XR applications require further system capacity enhancement to be attractive for wider deployment. 

The objectives of the study on XR-specific capacity considerations as captured in the SID are:
· Study mechanisms that provide more efficient resource allocation and scheduling for XR services:
· Enhancement to SPS and CG;
· Enhancement for dynamic grants.
Cross Carrier HARQ Retransmission
For outdoor wide area deployment, TDD patterns favoring UL-heavy or DL-heavy traffic are very common and widely deployed. However, these TDD patterns lead to extra delays, compromising both the latency and the reliability requirements. For example, for PDCCH alignment, and when the packet arrives at the gNB during an UL opportunity, the gNB needs to send a PDCCH for DL scheduling, but it needs to wait for the next DL slot to be able to send PDCCH which leads to extra delay compromising the latency requirement.
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However, if legacy TDD operators are unwilling or unable to change the TDD UL/DL configuration, then some alternative proposals should be put forward to resolve the latency issue for XR applications.
[bookmark: _Hlk101345680]Observation 1: The sub-6 TDD bands are widely deployed for 5G-NR. They suffer however from large latency, penalizing the XR deployment in these bands.
Observation 2: The UL/DL TDD pattern is the bottleneck for the XR latency for deployment on sub-6 TDD bands.

One possible option to explore is the optimization of 5G NR Carrier Aggregation operation to help reduce the latency. Inter-band TDD Carrier Aggregation could be exploited to mitigate the extra alignment delay introduced on a TDD carrier due to UL/DL pattern. 
However, the current 5G NR CA in Rel-15, Rel-16, Rel-17 specs have many limitations in terms of scheduling flexibility and new efficient mechanisms are thus required to allow for flexible cross-carrier scheduling and transmissions in order to reduce the latency. Exploiting the nearest UL opportunity on any carrier for an UL transmission and the nearest DL opportunity on any carrier for a DL transmission should be the target to aim.
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Figure 1: Carrier Aggregation between F1 and F2 in different TDD bands
 
In TDD, the UL/DL TDD pattern is the bottleneck for the XR latency. Currently (Rel-15, Rel-16 and Rel-17), each carrier has its own HARQ pool which leads to a limitation for TDD cross-carriers retransmission scheduling as a HARQ retransmission should take place on the same carrier component (CC) as the initial transmission. 
One potential latency enhancement for cross-carriers scheduling is HARQ retransmissions across CCs, which will lead to latency enhancement in CA with TDD carriers. Hence, the initial HARQ transmission is sent on one particular CC and the associated HARQ retransmissions can be scheduled and sent on another CC.

The cross-carriers scheduling proposals are also applicable for: FR1 vs FR2, Unlicensed vs licenced, FDD vs TDD. 


[image: ]
[bookmark: _Hlk101345704]
Proposal 1:  Under CA with different TDD patterns, data retransmission can take place on the carrier different from its initial transmission


One solution to remove this restriction is to design common HARQ processes pool per cell group or in addition to the HARQ process pools defined per CC. 
Another alternative is to exchange information between two HARQ process pools.  Hence, establishing a mapping between the HARQ process for the initial transmission on a specific CC and the HARQ process for the retransmission on another CC.
[bookmark: _Hlk101345712]
Proposal 2:  Under CA with different TDD patterns, common HARQ processes pool per cell group should be introduced.

Measurements Gaps
In 5G NR system, measurement gaps are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). In measurement gap, NW cannot schedule UE to transmit/receive data. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR are listed in Figure 2 below. 

	Gap Patterns: 
· MGL: more values to accommodate
· Different SMTC durations (1,2,3,4,5 ms)
· Different RF switch time for FR1 (0.5ms) and FR2 (0.25ms)

Note: GP stands for Gap pattern
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Figure 2. Possible measurement gap length (MGL) and Measurement gap repetition period (MGRP) values in 5G NR

Taking gap pattern (GP) 0 in Figure 3 below as an example (MGL=6ms, MGRP=40ms), it means that scheduling is excluded for a 6ms duration every 40 ms.
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Figure 3: An example for measurement gap configuration

This scheduling restriction seems critical for efficiently serving XR traffic on NR. We run a system level simulation (SLS) to evaluate the impact of measurement gap as shown in Figure 4 below.
[bookmark: _Hlk101345735]
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[bookmark: _Ref101358358]Figure 4: Capacity – max user number with (90% User @ “99% frame Tx done < 10ms”)

As it can be seen from Figure 4, the XR DL Capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6). 

Observation 3: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). In measurement gap, NW cannot schedule UE to transmit/receive data.
· A system level simulation shown in Figure 4 shows that XR DL capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6).

Therefore, it should be exploited to enhance measurement gap for XR with orchestrated gNB/UE coordination

Proposal 3: For capacity enhancement of XR application, RAN1 to exploit possible solutions to smartly prioritize XR decoding in measurement gap and skip the inter-frequency measurement (in measurement gap) with orchestrated gNB/UE coordination.

To put this into practice, several directions can be further exploited. First, a more dynamic MG activation/deactivation may be required as current spec only allows RRC reconfiguration to change the MG settings or enable/disable MG.

Proposal 4: Support dynamic L1 based MG activation/deactivation. The structure of a MG is similar to a DRX cycle, both including a duration and a period. This dynamic L1 based MG activation/deactivation is to the MG like R16 WUS is to the DRX.

In R16/R17, RRM relaxation is studied to allow UE to skip RRM measurement to save power. For XR application, it can be exploited to transform the R16/R17 RRM power saving gain into capacity gain.

Proposal 5: Reuse current R16/R17 RRM relaxation condition (or create new conditions more suitable for XR) to allow scheduling in MG to transform the R16/R17 RRM power saving gain into capacity gain. For example, the following conditions can be considered:
· lowMobilityEvaluation (38.304) for stationary UE
· ~cellEdgeEvaluation (38.304) for not-at-cell-edge UE
Since the structure of MG is similar to DRX cycle (both including a duration and a period), new MG patterns may be needed to assist joint optimization with XR eDRX cycles (Ex. 16.6ms period). Otherwise, the measurement gap may overlap with the DRX on duration and deteriorate XR capacity.

Proposal 6: Define new MG patterns for joint optimization with the XR eDRX cycles ( e.g. 16.6 ms). Otherwise, the measurement gap may overlap with the DRX on duration and deteriorate XR capacity.

Also, UE can provide assistant information to network about the suggested measurement gap adaptation.

Proposal 7: UE to provide assistant information to network about the suggested measurement gap adaptation, say the gap length or gap period.

Multi-PDSCH Scheduling

SPS scheduling offers very good control overhead reduction but suffers from lack of flexibility and may not be efficient for the quasi-periodic (jittery) XR/CG traffic. On the other hand, dynamic scheduling offers good flexibility but comes with the control overhead cost. 
To reduce control overhead and at the same time guarantee good flexibility, the same PDCCH can be used to schedule multiple PDSCHs for XR.
Since all IP packets belonging to a video frame/slice or a PDU set share the same latency and reliability requirements, many of the information carried in the DCI could be shared by all these IP packets. 
Let’s assume the VR use case, with 30Mbps data rate. The average video frame size is 62500 bytes. Assuming BW= 100MHz and SCS = 30kHz and using MCS = 10 (16-QAM, R= 340/1024 ) from MCS index Table 1 (38.214, Table 5.1.3.1-1), then 10 full slots (5ms) will be needed to schedule the video frame. It is very likely that all IP packets of the video frame/slice or the PDU set will be scheduled back-to-back with the only constraint of a TB scheduling not crossing slot-boundary. With low mobility, it is also very likely that all packets will experience similar channel conditions and can use similar modulation and coding schemes. Hence, Frequency and time domain resources will be quite similar to all the packets. 

The DCI could carry information about the indexes of the first and the last slots of the video frame/slice or the PDU set. Also, Frequency Domain Resource Allocation (FD-RA) and Time Domain Resource Allocation (TD-RA) information signaled in the DCI could apply to all slots scheduling the video frame/slice or the PDU set. 

[bookmark: _Hlk101345749]
Proposal 8: Multiple PDSCH scheduling could be used for the scheduling of data for a single UE across multiple slots. Multiple slots could be scheduled using a single Downlink Control information (DCI) carrying the grant of the Physical Downlink Control Channel (PDCCH).


New DCI formats could be defined for the XR traffic or for the PDU sets scheduling.  
[bookmark: _Hlk101345757]
Proposal 9: New DCI formats could be defined for the XR traffic or for the PDU sets scheduling.  
Another alternative is to use two stages DCI for the XR traffic scheduling. The objective is to further reduce the control overhead and minimize the redundant information. The first stage could have carry one or multiple of:  Modulation and Coding Scheme (MCS) , Antenna ports,  TPC command for scheduled PUCCH, Precoding information and number of layers (TPMI). The second stage to carry one or multiple of: HARQ Process Number (HPN), FD-RA, TD-RA, PUCCH Resource Indication ( PRI), PDSCH-to-HARQ_feedback timing indicator ( k1)…
The first stage DCI could be used to schedule the video frame/slice or the PDU set. Some new bit-fields could be introduced in the first stage DCI like indicating the start/end of the video frame/slice or the PDU set, and indicating the video frame type ( I-Frame, P-Frame, B-Frame, …) 
The second stage DCI could be used to schedule each packet of the video frame/slice or the PDU set.  
[bookmark: _Hlk101345768]
Proposal 10: [bookmark: _Hlk101361661]Two stages DCI could be explored for the XR traffic or for the PDU sets scheduling.  
Hybrid DG/CG scheme to address traffic arrival jitter for UL AR

For XR pose/control information UL transmission, there is no jitter issue, and the legacy Configured Grant (CG) design could be used with no issue. 
[bookmark: _Hlk101345806]
Proposal 11: Legacy CG to be used for XR UL for pose/control information and no further enhancement required. 
However, for UL AR there is still jitter issues due to the device codec and the variability in encoding the different types of video frames. 
 Catering for the traffic arrival jitter by allocating CG resources to cover the jitter span can cost a lot of resources and deteriorates the spectral efficiency of the system.


[image: ]
One solution to address this issue is to use dynamic grant scheduling for early traffic arrival and configured grant scheduling for late traffic arrival. Dynamic grant scheduling suffers from extra latency due to the extra signaling overhead and the longer SR procedure. However, this can be tolerated for packets arriving early. Configured grant resources could be allocated for packets arriving late. 
The advantage is that CG resources could be released if DG is received, hence these resources could be re-used by the gNB to schedule other UEs. 

If jitter < α 
     Send SR 
     If DG received, then use it and release CG resources
Else
   Use CG 
End

Where α could be for example equal to zero. Hence, packets arriving with negative jitter will use DG scheduling and packets arriving with positive jitter will rely on CG scheduling. 
[bookmark: _Hlk101345830]
Proposal 12: The hybrid DG/CG scheme should be used to address the jitter for UL AR. 
Conclusion
In this contribution, we have made the following observations and proposals:
Observation 1: The sub-6 TDD bands are widely deployed for 5G-NR. They suffer however from large latency, penalizing the XR deployment in these bands.
Observation 2: The UL/DL TDD pattern is the bottleneck for the XR latency for deployment on sub-6 TDD bands.

Proposal 1:  Under CA with different TDD patterns, data retransmission can take place on the carrier different from its initial transmission

Proposal 2:  Under CA with different TDD patterns, common HARQ processes pool per cell group should be introduced.

Observation 3: In 5G NR system, measurement gaps (MG) are configured to allow UE to do inter-frequency neighbour cell measurement and the corresponding RF tuning for RRM purposes (e.g. mobility, load balancing, CA set-up). In measurement gap, NW cannot schedule UE to transmit/receive data.
· A system level simulation shown in Figure 4 shows that XR DL capacity falls from 10 (no MG) to less than 2 (MGRP=80,MGL=6) and less than 1 (MGRP=40,MGL=6).

Proposal 3: For capacity enhancement of XR application, RAN1 to exploit possible solutions to smartly prioritize XR decoding in measurement gap and skip the inter-frequency measurement (in measurement gap) with orchestrated gNB/UE coordination.

Proposal 4: Support dynamic L1 based MG activation/deactivation. The structure of a MG is similar to a DRX cycle, both including a duration and a period. This dynamic L1 based MG activation/deactivation is to the MG like R16 WUS is to the DRX.

Proposal 5: Reuse current R16/R17 RRM relaxation condition (or create new conditions more suitable for XR) to allow scheduling in MG to transform the R16/R17 RRM power saving gain into capacity gain. For example, the following conditions can be considered:
· lowMobilityEvaluation (38.304) for stationary UE
· ~cellEdgeEvaluation (38.304) for not-at-cell-edge UE

Proposal 6: Define new MG patterns for joint optimization with the XR eDRX cycles ( e.g. 16.6 ms). Otherwise, the measurement gap may overlap with the DRX on duration and deteriorate XR capacity.

Proposal 7: UE to provide assistant information to network about the suggested measurement gap adaptation, say the gap length or gap period.

Proposal 8: Multiple PDSCH scheduling could be used for the scheduling of data for a single UE across multiple slots. Multiple slots could be scheduled using a single Downlink Control information (DCI) carrying the grant of the Physical Downlink Control Channel (PDCCH).

Proposal 9: New DCI formats could be defined for the XR traffic or for the PDU sets scheduling.  
Proposal 10: Two stages DCI could be explored for the XR traffic or for the PDU sets scheduling.  
Proposal 11: Legacy CG to be used for XR UL for pose/control information and no further enhancement required. 
Proposal 12: The hybrid DG/CG scheme should be used to address the jitter for UL AR. 
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