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1 Introduction
A new Rel-18 study item was approved at RANP#94 in December 2021, including the following objectives. The study is to be based on RAN1, Rel-17 TR 38.838 [2], SA4 work in SP-210043 [3], and SA2 work as per SP- 220705 [4]. 

	

The study is to be based on Rel-17 TR 38.838, on corresponding Rel-17 work from SA4 (as per SP-210043) and on Rel-18 work from SA2 (as per SP-211166). 

Objectives on XR-awareness in RAN (RAN2):
Study and identify the XR traffic (both UL and DL) characteristics, QoS metrics, and application layer attributes beneficial for the gNB to be aware of.
Study how the above information aids XR-specific traffic handling.
 
Objectives on XR-specific Power Saving (RAN1, RAN2):
· Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc...). Focus is on the following techniques:
· C-DRX enhancement.
· PDCCH monitoring enhancement.
 
Objectives on XR-specific capacity improvements (RAN1, RAN2):
· Study mechanisms that provide more efficient resource allocation and scheduling for XR service characteristics (periodicity, multiple flows, jitter, latency, reliability, etc…). Focus is on the following mechanisms:
· SPS and CG enhancements;
· Dynamic scheduling/grant enhancements






At RAN2#119e meeting [6], the following agreements were made;

	1: As starting point, RAN2 can further discuss the solutions in TR 38.838 that can impact on L2 operation (e.g., BSR, LCP, assistance information for scheduling, packet discarding, prioritization) for XR-specific capacity improvement. RAN2-specific solutions are not precluded (even if RAN1 hasn’t discussed them before).

1: Enhancement to SPS/CG should be justified for XR scheduling and should be evaluated against dynamic grant (DG) scheduling which should be considered as baseline. Should justify why enhancements are needed. 
RAN2 considers SPS enhancements may not be needed in Rel-18 XR since PDCCH capacity is not assumed to be a problem for XR. FFS if SPS has some power consumption benefits.




At RAN2#120 meeting [x], the following agreements were made:

[bookmark: _Hlk118291337]1: Current CG configurations can be reused for UL XR traffic. FFS if enhancements are needed (RAN1 is already discussing something). RAN2 can discuss this in the next meeting.
2: RAN2 can discuss potential enhancement to provide some assistant information on UL XR traffic for CG configurations at the gNB. FFS whether TSCAI can already provide all necessary information.

In this contribution, we provide our views for justification and benefits on the mechanisms to improve capacity for XR service based on UL scheduling enhancements.

2 UL Scheduling enhancements 
There are two types of scheduling schemes supported in NR: dynamic scheduling (DG) and semi-persistent scheduling (SPS/CG). Some scheduling enhancements may be needed for UL XR traffic as discussed in this section.
In our view, dynamic scheduling may be well-suited for DL scheduling, but for UL scheduling there will be significant delays as UE should initially provide an indication of the availability of the data (e.g., via SR) to the gNB, and then waits from the gNB to schedule with a limited data as gNB does not know how much data is available in the UE’s buffer, and subsequently the UE includes BSR in the PUSCH and waits to be scheduled for larger data based on latest BSR information.
[bookmark: _Toc115340456]Observation 1: Dynamic scheduling may be well-suited for DL, but for UL scheduling there will be significant delays as UE should initially provide an indication of availability of the data (e.g., via SR) to the gNB.

SPS/CG scheduling: SPS and CG scheduling are well-known mechanism/schemes to reduce control overhead and power consumption for the periodic traffic with predictable packet sizes. However, XR traffic may not be exactly periodic and/or packet sizes are not predictable and/or there may be a jitter (only for DL). 
For UL CG scheduling, assuming that there is no jitter issue for XR traffic in the uplink, the main issues to be resolved are the latency (in case DG is assumed as above) and variable packet sizes as the scheduler locates at the gNB (not at the UE). To circumvent the latency and variable packet sizes for XR traffic, we propose to combine CG and dynamic scheduling where the UE controls/decides its scheduling assignments dynamically within the pre-configured uplink resources (CG), named as a UE-based scheduling mode/enhanced CG(eCG). In this mode, the periodicity of the CG resource is tailored to the XR traffic profile (note that the periodicity could be as small as in every slot/1ms), and the size of the CG resource can be based on the largest packet size for XR traffic in order to be able to accommodate variable packet sizes. However, the UE allocates just enough PUSCH resource for itself each time within the CG resource depending on the current packet size and channel condition. In addition, when some CG occasions are not needed, the UE indicates to the network, so that other UEs can be scheduled these resources in the future.
The benefit of UE-based scheduling/eCG is to reduce latency, avoid the interferences, choose appropriate link adaptation parameters, and enable variable packet sizes, etc. Another benefit is that there may not be a good reason to configure multiple CG resources if a UE can schedule itself at any time with variable packet sizes based on CG occasions/periodicity. There could be different options of achieving the combination of CG and UE-based scheduling mode as follows:
Option 1: CG-UCI. Some control information can be piggy-backed/inserted on the CG PUSCH, like the legacy CG-UCI, to carry some scheduling information for this occasion and/or the future occasions: 
· UCI and CG PUSCH are encoded separately so that gNB can decode the UCI before decoding CG PUSCH. 
· Each UE with XR data can be assigned a separate DMRS, for example if there are 12 UEs, each UE can have a unique DMRS.
· Overlapped resources are allowed to be configured among different UEs, except UCI resources for each UE.
· Indicate to gNB whether CG resources are needed in the subsequent slots/occasions so that gNB can schedule the resources to other UEs.
Option 2: Separate Control Region/resource. Each UE is pre-allocated a separate “orthogonal” control region/resource (like PUCCH) that carries scheduling information for PUSCH from the UE within CG resource for this occasion and/or the future occasions. As in option 1, the gNB first decodes the control channel in order to know the control information for PUSCH. In addition, the control information could also tell to gNB whether CG resources (except the control region) are needed in the subsequent slots/occasions so that gNB can schedule the resources to other UEs. In this option, as the control region/resource is separate and orthogonal with other UEs, the UE can start its scheduling at any time within CG occasions, hence reducing the latency.
[bookmark: _Toc115340470]In order to verify the capacity performance gains of the above proposed CG enhancement scheme (eCG), i.e., UE-based UL scheduling, we set-up system level simulations for the three different schemes: the baseline DG, legacy CG and eCG (UE-based UL scheduling). The XR traffic is based on UL video (10 Mbps and 60 fps) for all schemes (DG, CG and eGG) where the detailed simulation parameters are captured on Table A.1 in Appendix. 
Based on the earlier study [2], the system capacity is defined as the maximum number of users per cell such that at least 90% of UEs being satisfied, and where the UE satisfaction is measured as the packet success rate (PSR) of 99%. If packet delivery delay exceeds a given PDB, then, the packet is counted as failure.

The following schemes have been evaluated in this contribution:
DG scheme: Baseline DG scheme is employed where a UE first triggers SR (PUCCH) when XR traffic arrives at the UE buffer, and then gNB provides a grant/DCI for UL scheduling. The total SR+DG delay implemented in this performance evaluation is 5ms. 
CG scheme: Legacy CG scheme is utilized where network provides the CG configurations for the XR traffic. In this performance evaluation, the periodicity of normal CG scheme is 2.5ms for 10ms PDB and 15ms PDB, and 5ms for 30ms PDB. The retransmissions are scheduled dynamically via DG.
eCG scheme (UE-based UL scheduling): This is enhanced CG (eCG) scheme where network provides the CG configurations for XR traffic. The periodicity of eCG (UE-based UL scheduling) scheme is 2.5ms for 10ms PDB and 15ms PDB, and 5ms for 30ms PDB. But in addition, the UE adjusts CG parameters dynamically: MCS, number of PRBs, number of layers within the CG resource. The UE indicates these scheduling parameters to the gNB via UCI transmitted separately in the same CG resource, and whether the subsequent CG occasions will be used/unused until next XR data arrival (for example XR frames arrive at every 16.67ms). The retransmissions are scheduled dynamically via DG.

 
[image: ][image: ][image: ]
Figure 1: Capacity performance results for the normal DG, normal CG and eCG (UE-based UL scheduling), showing the percentage of the satisfied UEs against the number of UEs per cell.

[image: ]
Table 1. Summary of the capacity performance results for the normal DG, legacy CG and eCG (UE-based scheduling). 

The system capacity simulation results are shown on Figure 1 which depicts PDB = 10ms, PDB = 15ms and PDB = 30ms from left to right.
When PDB = 10ms, the performance of the baseline DG suffers (i.e., a smaller number of satisfied UEs) because it has limited time to deliver the packets, i.e., most of the packets exceed PDB and got dropped due to SR+DG delay and retransmission delays. The performance of the normal CG also suffers due to limited transmission occasions and less time available for retransmissions, hence the packets exceed PDB and got dropped. However, the capacity performance of eCG (UE-based scheduling) is much superior to the baseline DG and normal CG, because the eCG scheme can modify/adjust the scheduling parameters dynamically (i.e., MCS, number of PRBs, number of layers and releasing the unused resource in advance) and as a result most of the packets are transmitted within PDB, contributing more UEs to be satisfied.
When PDB = 15ms, the performance of the baseline DG and normal CG has improved (i.e., more satisfied UEs) because the PDB is slightly longer and there is more time to deliver the packets. However, the capacity performance of eCG (UE-based scheduling) is still much superior to the baseline DG and normal CG, because the eCG scheme can modify/adjust the scheduling parameters dynamically (i.e., MCS, number of PRBs, number of layers and releasing the unused resource in advance) and as a result most of the packets are transmitted within PDB, contributing more UEs to be satisfied. 
When PDB = 30ms, the performance difference between the baseline DG/normal CG and eCG narrows due to longer PDB and as a result the number of satisfied UEs has improved significantly for all schemes. But still the eCG scheme (UE-based scheduling) provides the best performance.
Furthermore, Table 1 captures the summary of the capacity performance results for the baseline DG, legacy CG and eCG (UE-based scheduling). It can be observed that eCG provides higher capacity than the baseline DG and legacy CG. Hence, the higher capacity performance presented here motivates to enhance the normal/legacy CG scheme for improving the XR capacity.

Observation 2: The higher capacity performance presented by eCG scheme from this contribution, motivates to enhance the legacy CG scheme for improving the XR capacity.

[bookmark: _Hlk117872497]In the last meeting, RAN2 agreed that current CG configurations can be reused for UL XR traffic, and to study if enhancements are needed (RAN1 is already discussing something). RAN2 can discuss this in the next meeting. Based on capacity performance gains shown above for enhanced CG scheme (UE-based scheduling), there is clear justification and benefits to enhance the current/legacy CG scheme. Hence, we propose that dynamic indication from the UE for a) adjusted CG parameters (e.g., MCS, number of PRBs, number of symbols, number of layers) b) unused CG PUSCH occasion(s), to improve XR capacity performance should be considered. 

Proposal 1: Dynamic indication from the UE for a) adjusted CG parameters (e.g., MCS, number of PRBs, number of symbols, number of layers) b) unused CG PUSCH occasion(s), to improve XR capacity performance should be considered.

3 Summary
In this contribution, we have discussed the justification and benefits on the mechanisms to improve the capacity of XR service based on UL scheduling enhancements. Our observation and proposals are listed below:
Observation 1: Dynamic scheduling may be well-suited for DL, but for UL scheduling there will be significant delays as UE should initially provide an indication of availability of the data (e.g., via SR) to the gNB.
Observation 2: The higher capacity performance presented by eCG scheme from this contribution, motivates to enhance the legacy CG scheme for improving the XR capacity.

Proposal 1: Dynamic indication from the UE for a) adjusted CG parameters (e.g., MCS, number of PRBs, number of symbols, number of layers) b) unused CG PUSCH occasion(s), to improve XR capacity performance should be considered.
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Appendix.  Evaluation parameters

Traffic model:
· Characteristics of XR traffic - Model 1: one stream model[image: ]

Table A.1: System simulation parameters
[image: ]

image1.emf
1 2 3 4 5 6

Number of UEs per cell

0

10

20

30

40

50

60

70

80

90

100

S

a

t

i

s

f

i

e

d

 

U

E

 

f

r

a

c

t

i

o

n

UL,Dense Urban, FR1(4GHz), R(10Mbps), F(60fps), PDB(10)ms)

Normal CG

Normal DG

eCG


image2.emf
1 2 3 4 5 6

Number of UEs per cell

0

10

20

30

40

50

60

70

80

90

100

S

a

t

i

s

f

i

e

d

 

U

E

 

f

r

a

c

t

i

o

n

UL,Dense Urban, FR1(4GHz), R(10Mbps), F(60fps), PDB(15)ms)

Normal CG

Normal DG

eCG


image3.emf
1 2 3 4 5 6 7

Number of UEs per cell

0

10

20

30

40

50

60

70

80

90

100

S

a

t

i

s

f

i

e

d

 

U

E

 

f

r

a

c

t

i

o

n

UL,Dense Urban, FR1(4GHz), R(10Mbps), F(60fps), PDB(30)ms)

Normal CG

Normal DG

eCG


image4.emf
10ms PDB

Schemes Capacity 

(#users)

Gain (comparing 

to Normal DG)

UE-based/eCG

(Proposed)

4.0 >300%

Normal DG 0 0%

Normal CG

0

0%

15ms PDB

Schemes Capacity 

(#users)

Gain (comparing 

to Normal DG)

UE-based/eCG

(Proposed)

4.4

47%

Normal DG 3.0 0%

Normal CG 2.5 -16.7%

30ms PDB

Schemes Capacity 

(#users)

Gain (comparing 

to Normal DG)

UE-based/eCG

(Proposed)

6.4 0.8%

Normal DG 6.35 0%

Normal CG 5.6 -11.8%
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Parameters unit value

Packet size byte

Follows clause 5.1.1.1 (i.e., mean packet size = R×1e6 / F / 8, 

STD/Min/Max=10.5/50/150%)

packet generation rate: F  Hz 60

Jitter ms Optional, follows the description in clause 5.1.1.2

Data rate: R Mbps 10 (baseline)

PDB ms 15 (baseline), (15, 30 optional)

Statistical parameters for AR UL Model 1 (one stream model)
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Parameter value

Scenarios Dense Urban

Carrier frequency 4GHz

Bandwidth 100 MHz

Subcarrier spacing 30 KHz

Frame structure DDDSU (S: 10D:2G:2U) for UL interaction/pose information delivering, DDDSU (S : 12D:2G:0U)

BS Antennas

(M,N,P,Mg,Ng;Mp,Np)

For 64R: (8,8, 2, 1, 1; 4, 8)

(dH,dV) = (0.5λ, 0.5λ);

UE Antennas

(M,N,P,Mg,Ng;Mp,Np)

For 2T: (1,1,2,1,1;1,1)

(dH, dV)=( 0.5, N/A)λ

BS antenna pattern Ceiling-mount pattern, 8 dBi

UE antenna pattern Omnidirectional, 0 dBi

Max Tx Power UE: 23 dBm, gNB: 44dbm for 20MHz (For system BW larger than above, Tx power scales up accordingly.)

Power control P0 = -80 dBm, alpha = 0.8

Noise Figure 5dB for BS and 9dB for UE

Scheduler PF

Device deployment

80% of users are indoor,20%of users are outdoor;

Use 3km/h for modeling fading channel

Down-tilt 12 degrees

BS receiver MMSE-IRC

UE receiver MMSE-IRC

Channel estimation Realistic

Target BLER 10% for first transmission

UE speed 3 km/h

PHY processing delay UE PUSCH processing Capability #1

DMRS overhead 1 symbol 

Max number of HARQ Process  4

Max HARQ transmission 

(including initial tx)

1+3


