
3GPP TSG RAN WG1 #107-e	                                           R1-2111047
e-Meeting, November 11th – 19th, 2021

Source:	vivo
[bookmark: Title]Title:	Potential enhancement areas for XR
[bookmark: Source]Agenda Item:	8.14.2
[bookmark: DocumentFor][bookmark: _GoBack]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
According to the discussion in [1], it is proposed that for the work on XR enhancements in Rel-18, a Study Item for 6 months for both RAN1 and RAN2 may be planned, and followed by a Work Item. In this contribution, we provide our views on potential enhancement areas for Rel-18 XR Study item based on the discussion.
2. Potential RAN enhancements for XR
2.1. XR-awareness in RAN
· Identification of the XR traffic characteristics and application layer attributes
Regarding XR traffic with different requirements from traditional services/applications in terms of high data rate, low latency, etc., traditional architecture with service agnostic principles may not work efficiently any longer. If RAN can acquire some necessary information for XR traffic characteristics and application layer attributes from CN and/or application server, RAN can perform smart radio bearer control and adaptive scheduling for the stream(s) of XR traffic, therefore improving the immersive experience for users, as well as increasing the capacity for XR traffic. For instance, XR traffic-related information e.g., identifiers of IP packets belonging to a same video frame, identifiers of multiple flows with different importance, synchronization information among packets or streams, packets latency etc. can be acquired by RAN so that RAN can adaptively perform packet dropping and delay-aware scheduling, where more efficient packet processing and resource utilization can be achieved. 
Hence, it is beneficial to study and identify the XR traffic characteristics and application layer attributes that are useful for gNB handling. From our perspective, frame/application data unit (ADU) level QoS requirement(s) for XR and the dependency of different QoS flows are needed. For example, XR services include multiple types of data, e.g. I-frame or P-frame for video stream, audio stream, pose and control stream, etc. Different streams may correspond to different QoS flows or radio bearers and may have different QoS requirements, while there may be dependency between/among different streams, e.g. decoding of a P-frame may be based on decoding of the latest I-frame. 
It is also noted that RAN, SA2 and SA4 are all involved and cooperation among them is required to identify and obtain XR traffic characteristics and application layer attributes. 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]RAN-centric XR-specific handling
It is necessary to study how these information can be used by RAN to aid XR-specific handling. We think XR-specific radio bearer control, adaptive scheduling, enhanced packet dropping can be considered.
In addition, XR-related information interaction between UE and gNB is beneficial for improving XR user experience. For example, some XR service assistance information (e.g., UL traffic-related information, special pose/control information) can be used to assist gNB for UL scheduling and transmission.
To be more specific, XR traffic in UL is transmitted by UE, and is kept in UE buffer before scheduled. Based on legacy mechanism(s) such as BSR, gNB generally cannot exactly obtain detailed information for accurate UL scheduling, such as delay-aware scheduling, or frame-based scheduling. Therefore, UL data burst related information, e.g. data volume, arrival/waiting time, linkage among different data bursts may be reported to facilitate enhanced UL scheduling. Besides, high-level traffic characteristics and attributes, such as periodicity, data rate for one or more QoS flows or data streams, can also be reported to gNB for flexible radio bearer control and adaptive scheduling, which may be easier and more efficient compared to obtaining them from CN or application server. 
Besides, packets with nearly exhausted delay budget can be discarded without consuming resources unnecessarily. For UL, gNB can configure related rule(s) for packet dropping to UE. As a result, UE executes the configured rule(s) when packets arrive and/or are buffered, and drops certain packet(s) accordingly. 
On the other hand, some user experience-oriented information can also be delivered among RAN, CN and application server for radio bearer related (e.g., data-rate) adjustment/adaptation. For example, XR traffic-related information may be obtained and delivered among application servers and involved CN/RAN nodes, where related interaction procedure(s) may be introduced/enhanced as a result.
Proposal 1: Identify and study application awareness transmission for XR, including:
· 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, e.g. the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS, periodicity, delay, packet importance, frame boundary, etc.
· Study XR-specific handling including XR specific radio bearer control, adaptive scheduling, enhanced packet dropping, etc.
· Study how UE assistance information reporting to assist RAN for XR-specific handling.
· Study how RAN assists application server for application layer adjustment/adaptation user experience-oriented information.
2.2. Power saving enhancement
[bookmark: _Hlk61358618]According to the normative work for Rel-15/16 power saving schemes as in TR 38.840 [2], there are already many power saving technologies widely investigated, e.g., DCI format 2-6 (including dormancy mechanism which is specified in Rel-16 MR-DC WI), cross-slot scheduling and MIMO layer adaptation. 
Going through the existing power saving techniques, all of them are designed in accordance with traditional traffic models such as FTP 3, instant messaging and VoIP, without taking XR traffic into consideration. To briefly make clear the difference between XR traffic and non-XR traffic, the C-DRX mechanism can be taken as an example. When UE steps into the C-DRX off state, it will suspend for PDCCH monitoring and can go to sleeping power state to reduce power consumption, but at the same time it will incur the scheduling latency. The increased latency has a marginally negative impact on the eMBB traffic, however, for delay-sensitive services, the impact on capacity will be intolerable. In addition, the wake-up indication carried by DCI format 2_6 seems meaningless for XR traffic due to short XR traffic periodicity e.g., 8.33ms, 16.67ms. Other schemes such as MIMO layer adaption and dormancy mechanism, which are all based on BWP switching framework, will cause a relatively long switching/application delay and even interruption. As such, the current Rel-15/16 power saving schemes are not suitable for XR traffic. 
Since the ongoing study of Rel-17 power saving enhancement still does not take into account delay critical traffic, it could be doubtful that the final Rel-17 power saving techniques could be suitable and beneficial enough to be applied to XR traffic. As XR traffic periodicity is much shorter than that for typical eMBB traffic, signalling resource overhead and PDCCH blocking rate caused by Rel-17 DCI-based power saving enhancements would not be neglectable. Moreover, whether Rel-17 power saving techniques are able to make a better trade-off between capacity and power saving is questionable especially considering the jitter impact.
Based on the analysis above, regarding Rel-18 power saving enhancement for XR, there are at least two potential enhancements which are expected to be studied and/or specified. One is to address the mismatch between XR traffic period and C-DRX cycle by configuring adaptive periodic PDCCH monitoring. And the other enhancement could be the jitter handling for the purpose of reducing or eliminating its negative impact on both transmission delay and power consumption. The following provides more detailed solutions for the aforementioned power saving enhancements.
· C-DRX start offset adaptation
According to TS 38.331 [3], it can be observed that current C-DRX cycles are not suitable for XR traffic periodicities, and the enhancement for C-DRX configuration oriented to XR traffic is required. To align the start time of a C-DRX cycle with traffic arrival time, the most direct method is to extend the candidate values of C-DRX cycles to the field of non-integer, such as 8.33ms, 16.67ms. However, the non-integer C-DRX cycle(s) is not flexible due to the various traffic periodicities and the jitter impact. To solve this problem, dynamic C-DRX start offset adaptation can be considered as one potential method. Additionally, semi-static C-DRX pattern adaptation can also be investigated in order to reduce signalling overhead.
· UL slot handling for C-DRX timer
Besides, in LTE C-DRX [4], the following C-DRX timers are defined by the number of consecutive PDCCH-subframe(s) as below:
	drx-InactivityTimer: Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity. For NB-IoT UEs, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires. For BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.
drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission or the HARQ feedback is received.
onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.


However, in 5G NR, these C-DRX timers are defined by the duration with the unit of ms or slots in [5]. With the unit of ms or slot, the C-DRX timers are controlled by absolute time duration, without considering TDD pattern configuration. There may be no issue in early deployment for NR, where only long C-DRX cycle is actually configured. But XR service, which has requirements of stringent latency and high data rate, shows lots of differences compared to eMBB and uRLCC services. Besides, given the fact that power saving is regarded as one of the most critical enhancement directions for XR SI/WI, much short C-DRX timers need to be configured for seeking the balance between power saving and capacity. 
Taking drx-onDurationTimer as the example, in order to achieve power saving gain, shorter drx-onDurationTimer will be configured. In case based on the TDD pattern configuration several slots within a period are configured as UL slots, there may be the case that the duration determined by a running C-DRX timer may partially or fully fall into UL slot(s). Hence, UE will have less or even no opportunity to monitor PDCCH during the duration actually while the timer is running. In this way, the latency requirement for the traffic may not be guaranteed. On the contrary, longer drx-onDurationTimer can be configured to allow UE have enough PDCCH monitoring occasions. However, it will result in increased power consumption.
For example, we adopt the agreed TDD configuration for XR/CG evaluation: DDDSU or DDDUU, and assume the C-DRX cycle is 8ms and drx-onDurationTimer is configured as 2ms or 3ms as shown in Figure 1. Note that 30KHz SCS is assumed. And the green box below represents the corresponding slot can be used to do PDCCH transmission, and the red box indicates the opposite. 
	DDDSU, C-DRX cycle =8ms, drx-onDurationTimer=2 or 3ms, SCS=30KHz
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	DDDUU, C-DRX cycle =8ms, drx-onDurationTimer=2 or 3ms, SCS=30KHz
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Figure 1: C-DRX configuration in TDD deployment
In above cases, when a drx-onDurationTimer runs, some of the slots during the drx-onDurationTimer are overlapping with the UL slots. Therefore, the UE have less PDSCH scheduling opportunities, which will lead to larger scheduling delay. This problem will be worse if larger UL slots ratio is configured e.g. with TDD format DDDUU. 
To address this problem, we need to study some enhancements for re-define the C-DRX timers while avoiding excessively complex designs (e.g., leaving out the impact of the flexible slot(s)/symbol(s) dynamically indicated by DCI format 2-0). The solution should try to minimize or avoid the impact of UL slots on C-DRX timers.
· Enhanced PDCCH monitoring adaptation
The Rel-17 power saving enhancements under discussion are mainly focusing on eMBB traffic, which may not be efficient enough to be applied to XR traffic with high data rate and critical delay requirement. Therefore, enhancement on PDCCH monitoring adaptation to accommodate XR service periodicity and jitter need to be further investigated. 
As for jitter, it has been proven that the presence of jitter will give rise to a significant increase in either power consumption or scheduling latency because of its unpredictability and wide time range (i.e., [-4, 4]ms) relative to the XR traffic period (e.g., 16.67ms). Certainly, we can simply extend the length/duration of PDCCH monitoring (e.g., extending C-DRX on-duration) to cover the whole jitter range. However, the power consumption will be sacrificed for the sake of latency reduction. To this end, a trade-off between power saving and capacity is necessary.
Leveraging Rel-17 PDCCH monitoring adaptation schemes,  a possible enhancement is that UE could switch to a default search space set group (SSSG) with sparse PDCCH monitoring period before a reference time (e.g., the negative jitter position or the start of DRX onduration). Once the UE detect the scheduling PDCCH, it can accordingly switch to a scheduling-efficient SSSG to deal with the following data burst (i.e., a frame of data). After that, a PDCCH skipping indication could be expected by UE to skip the remaining PDCCH monitoring occasions until the start of the next DRX onduration.
Besides, on top of Rel-17 PDCCH monitoring adaptation, we can further consider some potential enhancements aiming to address XR service characteristics such as adding additional tailor-made values of skipping duration according to XR traffic pattern, reducing the application delay of PDCCH monitoring adaptation indication, further applying the PDCCH monitoring adaptation in Type 0-2 CSS sets etc. 
Proposal 2: Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, jitter, latency, reliability, etc...), including:
· C-DRX enhancement e.g., C-DRX start offset adaptation, UL slot handling for C-DRX timer, etc.
· PDCCH monitoring enhancement e.g., jitter handling related scheme, etc.
2.3. Capacity enhancement
· Enhancement(s) for radio resource allocation
When allocating radio resources to serve XR traffic efficiently, most attention should be paid to its characteristics, in terms of non-integer periodicity with jitter, variable packet size, high data rate, etc. Due to the quasi-periodic characteristic, SPS and CG are natural candidates to serve XR traffic. Regarding the non-integer periodicity with jitter, the solution adopted in Rel-16 URLLC may not be suitable, where multiple SPS/CG configurations are configured to serve a service for which the data arrives with non-integer periodicity or periodically with jitter, due to that the packets of XR traffic may be very large especially for video stream, and the aforementioned solution may lead to many skipped transmission occasions, resulting in inefficient resource usage, or complicated resource multiplexing. Some enhancements for SPS/CG may be introduced to address these issues, such as enabling configuration of non-integer periodicity, dynamic adaptation to variable packet size, etc. In contrast to SPS/CG, dynamic scheduling may be enhanced to serve XR traffic efficiently. For example, multi-PDSCH/PUSCH scheduling may be adopted when time-frequency resources across several slots may be allocated to accommodate a large packet. Besides, the scheduling can take some XR characteristics into account, when related information for these characteristics can be acquired, to better match the QoS requirements for XR traffic efficiently, e.g. delay-aware scheduling, scheduling based on QoS flows/data streams, etc. These enhancements are closely related to RAN awareness transmission as well.
Proposal 3: Study mechanisms that provide more efficient resource allocation and scheduling for XR services to handle XR specific traffic characteristics, including:
·  Study enhancement to SPS and CG, e.g. dynamic adaptive SPS/CG parameter update, etc.
· Study enhancement for dynamic grants e.g., enhanced dynamic multi-TB scheduling, enhanced buffer status report, etc. 
3. Conclusion
In this contribution, we provide our views on potential enhancements for XR with the following proposals:
Proposal 1: Identify and study application awareness transmission for XR, including:
· 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, e.g. the QoS flow association, frame-level QoS, ADU-based QoS, XR specific QoS, periodicity, delay, packet importance, frame boundary, etc.
· Study XR-specific handling including XR specific radio bearer control, adaptive scheduling, enhanced packet dropping, etc.
· Study how UE assistance information reporting to assist RAN for XR-specific handling.
· Study how RAN assists application server for application layer adjustment/adaptation user experience-oriented information.
Proposal 2: Study XR specific power saving techniques to accommodate XR service characteristics (periodicity, jitter, latency, reliability, etc...), including:
· C-DRX enhancement e.g., C-DRX start offset adaptation, UL slot handling for C-DRX timer, etc.
· PDCCH monitoring enhancement e.g., jitter handling related scheme, etc.
Proposal 3: Study mechanisms that provide more efficient resource allocation and scheduling for XR services to handle XR specific traffic characteristics, including:
·  Study enhancement to SPS and CG, e.g. dynamic adaptive SPS/CG parameter update, etc.
· Study enhancement for dynamic grants e.g., enhanced dynamic multi-TB scheduling, enhanced buffer status report, etc. 
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