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Introduction
During the Rel-17 SID on XR evaluations, it was identified that while XR and CG are attractive future use cases, they also impose a set of challenges for NR that need to be studied [1]. In order to continue study on potential enhancements for NR to accommodate the XR traffic characteristics, a new SID has been approved for XR including the following objectives [1]:
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.
In this contribution, we present our initial views on capacity improvement techniques for XR focusing on DL SPS enhancements.

Discussion
Extension of SPS resource configuration
SPS and CG mechanisms are efficient for periodic transmissions since UE can skip monitoring the scheduling DCIs. Since the typical XR traffics are also periodic, SPS and CG are also useful for the XR. However, usually the arrival rate of the XR traffic is not aligned with a NR slot duration or a subframe duration. For example, 120 fps frame rate of a XR video traffic corresponds to an arrival rate of 8.33 ms. Since such value is not supported for the SPS periodicity, some improvements on the SPS resource configuration can be investigated.
One approach is to configure SPS resource(s) based on multiple SPS periodicities. For example, as illustrated in Fig. 1, three SPS periods can be configured based on different periodicities, i.e., P1=9ms, P2=8ms, and P3=8ms. A set of SPS PDSCH resource(s) is mapped in each SPS period. The sum of P1, P2, and P3 makes 25ms which is equal to 3 times the traffic arrivals (3*8.33ms=25ms). Therefore, each arrived XR packet can be transmitted in each SPS period with minimum frame alignment delay while not suffering from the delay propagation issue. Considering the L1/L2 signalling overhead and the complexity, it would be proper to allow to support the above feature based on a single SPS configuration.
Proposal 1: To efficiently serve XR traffics having non-integer periodicities, study an extension of SPS configuration to allow different periodicities to different SPS periods.


Fig. 1. An example of SPS resource configuration based on different SPS periodicities

Dynamic adaptation of SPS resources
Due to varying frame encoding delay, jitter may be introduced in the XR packet arrivals. In the Rel-17 SI evaluation, jitter was modelled as truncated Gaussian with a truncation range [-4 ms, 4 ms] or optionally [-5 ms, 5 ms]. Due to this nature, the packet may arrive earlier or later than expected (i.e., mean arrival time) by up to several slots. To keep the same latency budget under the timing uncertainty, a larger number of SPS resources in a larger number of slots need to be configured, which would decrease the system capacity. Moreover, the traffic size may also be random due to variable encoding rate.
A potential study area to address the challenges mentioned above is dynamic adaptation of the SPS resources. For instance, UE can be configured with a number of candidate SPS configurations. Each candidate SPS configuration may include a set of SPS parameters including candidate SPS resources, candidate MCSs, etc. Before each SPS period, gNB can transmit a DCI to indicate one of the candidate SPS configurations. UE monitors multiple PDCCH MOs for the indication DCI, and if detects one, receives the PDSCH on the associated SPS resources.
To tackle both the timing and the TBS uncertainty, both time domain and frequency domain resources may need to be dynamically adjusted. Since the size of the indication DCI can be made compact, this approach may be competitive over full dynamic PDSCH scheduling with C-DRX operation.
Proposal 2: To efficiently handle XR traffic size and arrival timing uncertainty, study dynamic adaptation of SPS resources based on DCI without SPS deactivation/activation.


Fig. 2. An example of dynamic adaptation of SPS resources based on DCI

SPS retransmission outside DRX active time
As shown in Fig. 3, the SPS resources can be located within or outside the DRX active time. If an initial SPS PDSCH was transmitted inside active time but failed, the retransmission scheduling can immediately be done within the same active time. On the other hand, if a SPS transmission occurs outside active time and if the reception fails, UE should wait for the next DRX cycle to monitor the retransmission scheduling DCI. This may incur a huge delay for some case and the XR packet may not be delivered on-time. The on-time delivery of packets is critical when the XR service relies on high reliability performance. A potential enhancement is to configure a supplementary SS set to allow immediate SPS retransmissions outside the active time. UE may expect a retransmission scheduling DCI on the supplementary SS set if it misses initial transmission.
Proposal 3: Study how to improve SPS reliability performance outside the DRX active time.


Fig. 3.


Conclusion
In this contribution, we discuss potential capacity improvement techniques for XR focusing on DL SPS enhancements, from which the following proposals are made:
[bookmark: _GoBack]Proposal 1: To efficiently serve XR traffics having non-integer periodicities, study an extension of SPS configuration to allow different periodicities to different SPS periods.
Proposal 2: To efficiently handle XR traffic size and arrival timing uncertainty, study dynamic adaptation of SPS resources based on DCI without SPS deactivation/activation.
Proposal 3: Study how to improve SPS reliability performance outside the DRX active time.
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