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Introduction
In this paper, we discuss some considerations of XR services and working areas for potential XR specific enhancements.
Consideration of XR Services
Information of traffic model
Multi-streams (e.g., I/P streams and FoV/non-FoV streams) may need to be considered in XR services. SA4 will continue studying the traffic model of multi streams and may provide some information data in Table 1 to RAN1. One thing should be noted is that the information is for P Trace and not for a video frame.
The cyan highlighted parameters in Table 1 is considered as what is typically available to RAN delivery. And RAN1 can consider enhancements based on the yellow highlighted parameters. For example, a field called importance can be used for enhancement in multi-streams evaluation.
Table 1 Parameters for P Trace[1]
	Name
	Type
	Semantics

	number
	BIGINT
	Unique packet number in the delivery

	time_stamp_in_micro_s
	BIGINT
	Availability time of packet for next processing step relative to start time 0 in microseconds (0 means lost).

	size
	BIGINT
	packet size in bytes.

	user_id
	BIGINT
	assigns an id to the user in order to differentiate

	buffer
	BIGINT
	The associated eye buffer 1=left 2=right
In general, differentiates application traffic for different buffers, for example audio, video, left eye, right eye. For example mapped to port or track.

	delay
	BIGINT
	Delay observed of the packet in the last processing step (-1 means lost)

	render_timing
	BIGINT
	the rendering generation timing associated to the media included in the packet.

	number_in_unit
	BIGINT
	The number of the packet within the unit (slice), start at 1

	last_in_unit
	BIGINT
	Indicates if this is the last packet in the slice/unit 0=no, 1=yes 

	type
	BIGINT
	The data type of the unit 
0 unknown
For video 1=intra 2=inter

	importance
	BIGINT
	assigned relative importance information (higher number means higher importance)


[bookmark: _Toc2064][bookmark: _Toc2232][bookmark: _Toc79164114]RAN1 can consider enhancements using the yellow highlighted parameters in TABLE 1 which is provided by SA4.
[bookmark: _Toc79163836]At least ‘importance’ should be considered for enhancement of XR.
On better support for XR capacity
Pre-emption
When XR service accesses to current network, one of unavoidable problems is the coexistence of XR services and existing service, including, e.g., uRLLC, eMBB and so on. In the case that system load is high, the scheduling collision occurs frequently among different services. One of the situations is that the resources allocated for data/services with stricter delay, reliability requirements and small data volume will preempt the resources allocated to data/services with looser delay and reliability requirements. 
Take preemption in different traffic for instance, the allocated resources for uRLLC traffic is likely to preempt that of XR traffic or eMBB traffic. Firstly, considering the case uRLLC preempting eMBB traffic, current Rel-15 preemption indication is capable of indicating the preemption area in symbol level but with the whole bandwidth part, which leads to effective resource of eMBB traffic dropping. But eMBB traffic can still request more re-transmission times to ensure its reliability because of its loose latency requirement. When it comes to the case uRLLC preempting XR traffic, things are different. According to the uRLLC-like latency requirement but eMBB-like data volume characteristics for XR service, excessive effective resource of XR traffic dropping owing to Rel-15 preemption indication is likely to deteriorate performance of XR. 
To this end, a precise preemption area indication should be studied in the topic of coexistence between XR traffic and current traffic. In our company’s contribution [2], the evaluation results among precise preemption indication, Rel-15 preemption indication and no preemption indication have presented in Figure 1, and we found that there are large performance gain using precise preemption indication when the preemption ratio is 5% of the whole resource elements and preemption spans 4 symbols. But for Rel-15 preemption indication, the preemption ratio reaches 30%, which means 25% resource having been dropping. As a result, the times of re-transmissions increase and more packets are possible to be out of packet delay budget.
	[image: ]


Figure. 1 XR traffic capacity performance of three different preemption indication case.
[bookmark: _Toc79164115]The finer granularity of preemption is capable of enhancing the capacity performance of XR UEs.
In addition to our previous contribution on the concurrent transmission of XR and other services, it has been observed that intra XR could exhibit some priority differentiation use cases. This could call for further optimization of preemption related handling.
[bookmark: _Toc79163837][bookmark: _Toc20201][bookmark: _Toc17209]Further investigate the issues and potential working areas of preemption enhancement.
 CBG-based PDSCH transmission
For traditional LTE PDSCH retransmission mechanism, gNB shall re-transmit all of code blocks of a TB after receiving a NACK from UE. When the TB is small, the LTE retransmission mechanism can work. However, in case the TB is large, the retransmission of the whole TB may waste too many resources when there is only one erroneous code block. In NR Rel-15, code block group based (CBG-based) PDSCH transmission was specified by grouping code blocks of a TB into code block groups. The main purposes are 1) to guarantee the coexistence of eMBB and uRLLC, 2) to reduce the retransmission resource and further improve the capacity by only re-transmitting the code block groups with erroneous code blocks. 
According to the above analysis on XR traffic featuring jittering and larger data packet size, the collision probability is larger than eMBB traffic. In case that only one code block collides with another traffic and the other code blocks of the TB are received successfully, the retransmission of all the code blocks in the TB will waste lots of resources and result in low capacity with the LTE retransmission mechanism. From product implementation’s perspective, around 4-5 CBs will be decoded incorrectly in 30 CBs within a TB. However, if we use the CBG-based PDSCH transmission mechanism, only the code block groups including the code block colliding with other traffic needs to be re-transmitted. For example, the TB of XR traffic is divided into 8 CBGs, which is the maximum number of CBGs supported by NR CBG-based transmission mechanism. The amount of resources for CBG-based retransmission and traditional LTE retransmission mechanism are shown in Figure 2. It can be seen that, compared with the traditional retransmission mechanism, the amount of retransmission resources is reduced significantly, i.e. reduced by almost 50%, after using CBG-based PDSCH transmission mechanism.
Therefore, CBG-based PDSCH transmission is also preferred to be applied to the data transmission of XR traffic, especially considering jittering effect. 
[image: ]
Figure. 2 Traditional LTE retransmission and NR CBG-based retransmission procedure
However, there is a fundamental problem of CBG-based transmission mechanism when the UE reports the HARQ-ACK information. For example, in Figure 2, the UE only needs to feedback 1 bit to inform gNB of the HARQ-ACK information in the case of traditional retransmission mechanism. But for the case of CBG-based transmission, the UE needs to feedback 8 bits to inform gNB of the HARQ-ACK information for each CBG. It is obvious that compared with the traditional retransmission, the feedback overhead required for CBG-based transmission is increased to up to 8 times in NR. Therefore, it is necessary to investigate issues of overhead of CBG-based feedback, especially for the XR traffic. 
[bookmark: _Toc79163838][bookmark: _Toc13713][bookmark: _Toc21638]Further investigate the issues and potential working areas of CBG based feedback enhancement.
 UE assistance information
[bookmark: OLE_LINK2]The UE buffer size should be reported to gNB for requesting the PUSCH resource. In the stage of art, UE buffer size within a range from X to Y is directly determined to Y and indicated by buffer status reporting (BSR). The coarse UE buffer size determination may waste radio resource of PUSCH and decrease the UL system capacity. For example, according to agreement in [3], AR traffic has been considered as one of UL traffic model. With 10Mbps@60fps as baseline for AR traffic, the mean packet size is around 2x10^4 Bytes, which corresponds to the index 24 in 5-bit buffer size field in [4]. Focusing on the index 24, it is capable of determining the BS value ranging from 14727 Bytes to 20516 Bytes. As a result, the maximal BS level waste may reach 176 RBs. Hence, precise buffer size should be considered to minimize the waste of radio resource and transmit the packets on time. 
On the other hand, the BSR indicating the precise buffer size should be also considered. Logical channel ID (LCID) field or enhanced LCID (eLCID) field in subheader of PDU can be one of the indications to indicate these types of BSR, since the LCID/eLCID field table has some reserved indices.
Moreover, the BSR is able to carry not only the information of UL data volume, but also some UL assistance information to assist DL transmission. One example for the case BSR transmit the UL assistance information is that FoV and non-FoV transmission scenario. According to SA4 input [5], gNB should transmit 18 tiles based on the user’s viewpoint in order to render and merge the corresponding FoV picture. Hence, UE should inform the location of user’s viewpoint to gNB for requesting the correct 18 tiles. 
[image: 上行发送辅助信息结构(FoV)]
Figure. 3 The case of UE reporting the orientation information to assist DL transmission
[bookmark: _Toc79164116]UEs can provide orientation information through BSR to assist DL transmission for gNB in the FoV stream and non-FoV transmission scenario. 
Therefore, the ways for UL assistance information / triggering signal information reporting and the corresponding contents can be one of topics of UL assisted transmission.
[bookmark: _Toc79163839][bookmark: _Toc6132][bookmark: _Toc11044]Further investigate the issues and potential working areas of assistant information reported by UE, including e.g., UL data volume, UE orientation information, UE traffic type, etc. 
 Consideration of SPS
According to the traffic model agreed in RAN1, XR traffic has some unique characteristics:
· Non-integer periodicity
· Time-varying packet size
· Quasi periodic pattern
Considering the video traffic is periodic, SPS is one potential scheduling scheme for XR traffic. Compared to dynamic grant (DG), SPS reduces the overhead of DCI. However, the configuration of SPS is configured by RRC signaling and activated by the DCI. That is, the SPS configuration cannot dynamically adapt to channel condition, which will have a negative impact on capacity if the channel condition deteriorates. The SPS scheme should be enhanced if it is used for XR. The following SPS enhancements need to be considered.
· Time domain resource assignment
· Frequency domain resource assignment
· Modulation and coding scheme
· Periodicity
The time /frequency domain resource assignment indicates the allocated resource for PDSCH. A semi-static resource allocation is not enough for a time-varying packet size. Similarly, a fixed MCS indicated by modulation and coding scheme is not satisfied when the channel state changes. Obviously, one more important challenge for SPS is the mismatch between periodicity of SPS and quasi-periodic XR traffic pattern caused by jitter.
As discussed above, some enhancement of SPS should be proposed to solve the problems. However, compared with legacy SPS, the enhancement should not increase too much signaling overhead since the advantage of SPS is the low DCI overhead. 
[bookmark: _Toc16190][bookmark: _Toc11883][bookmark: _Toc79163840]Compared with legacy SPS, the SPS enhancement should not lead to an obvious increase of signaling overhead.
UE power saving
If jitter is not considered, UE and gNB can know the arrival time of packets according to the traffic period. Therefore, the wake-up time of UE can well match the arrival time of packets which will save power. However, according to the agreements in RAN1 meeting, the arrival time of XR packets will consider jitter which makes the packet arrival fluctuating around periodic benchmarks. Since XR services require low latency, the impact of jitter on UE power saving techniques need to be closely examined. In this section, several R15/R16 power saving techniques and potential power saving techniques for XR services are analyzed.
· DRX
In our previous contribution [6], the problem of mismatch between XR traffic and DRX cycle was raised and is shown in Figure 4. 
[image: ] 
Figure. 4 mismatch between XR traffic and DRX
[bookmark: _Toc5606][bookmark: _Toc24812][bookmark: _Toc79164117]Due to the mismatch between XR traffic periodicity and DRX cycle, XR traffic cannot be guaranteed to always arrive at the DRX On period.
For the mismatch problems, some enhancements have been proposed in previous meeting [6][7]. One solution is to change the drx-startoffset periodically as shown in Figure 5. The drx-startoffset changes every 6 cycles to keep align with traffic pattern.
[image: ]
Figure. 5 Change drx-startoffset periodically
Besides, the DRX configuration may not align with the traffic since the DRX is configured by RRC signaling and gNB does not know when the traffic will arrive at the beginning (e.g., first packet). So the drx-startoffset should be dynamically changed by DCI to adjust the DRX configuration.
[bookmark: _Toc1131][bookmark: _Toc12658][bookmark: _Toc28718][bookmark: _Toc79163841]Dynamic DRX parameter change indicated by DCI and periodic DRX parameter change can be considered.
However, jitter will increase the difficulty of applying UE power saving techniques because the packet arrival time fluctuates around the periodicity benchmarks. If DRX is used, the packets may not arrive in “DRX On” state due to the jitter even if the mismatch problem is solved.
[bookmark: _Toc13358][bookmark: _Toc18204][bookmark: _Toc79164118]The packets may not arrive in “DRX On” state due to jitter even if the mismatch problem is solved.
If packet arrives early than the DRX On because of a jitter, the packet can be scheduled immediately when UE start drx-OndurationTimer. However, if a packet arrives later than the DRX On, the packet may not have enough chance to be scheduled. To solve the late arrival of packet, an additional active time can be considered.
[image: ]
Figure. 6 Additional active time
As shown in Figure 6, additional active time arises when UE doesn’t receive any PDSCH during the DRX On. UE can monitor PDCCH and transmit data in additional active time.
[bookmark: _Toc8187][bookmark: _Toc2431][bookmark: _Toc11105][bookmark: _Toc79163842]Additional active time during DRX off can be considered.
· Search space set group switching
Search space set group switching has specified in Rel-16 NRU and the potential enhancement is being studied in Rel-17 UE power saving. Both power saving gain and latency are associated with the periodicity of search space set. For XR traffic, search space set group switching may have less capacity loss if the periodicity of search space set is not large. 
In previous RAN1 meeting, the baseline frame per second (fps) for DL video stream for a single UE is set as 60fps. DL video stream of 120fps/ 90fps is optional. Considering traffic model of 120fps associated with [-4, 4]ms jitter, the traffic arrival can be assumed to be random. Search space set group switching may be a good choice for this case.
[bookmark: _Toc15018][bookmark: _Toc8355][bookmark: _Toc79164119]Search space set group switching is a good choice for video stream with 120fps.
[bookmark: _Toc79163843]Search space set group switching can be considered in XR.
· PDCCH skipping
Same as search space set group switching, PDCCH skipping is being studied in Rel-17 UE power saving item. UE can stop monitoring PDCCH for a time duration if PDCCH skipping is indicated. 
According to the study in UE power saving item, search space set group switching and PDCCH skipping can provide similar power saving gain and latency. These two techniques can be considered in XR.
PDCCH skipping can provide high power saving gain when the skipping duration is set to a large value and may cause larger latency. Considering the PDB for CG is 15ms, PDCCH skipping may be a choice.
[bookmark: _Toc31379][bookmark: _Toc28236][bookmark: _Toc26051][bookmark: _Toc79163844]PDCCH skipping can be considered in XR.
· Wake-up indication
WUS carried by DCI format 2-6 has been specified in Rel-16 UE power saving. WUS is monitored in a time duration before DRX On. If WUS is used in XR, the DRX cycle should be set to a small value, otherwise the DCI format 2-6 has no chance to indicate not-wake-up due to the short interval of XR packets. For a small DRX cycle configured with WUS, UE may have less time for sleep and less power saving gain. Whether or not WUS can provide an attractive power saving gain should be further discussed.
[bookmark: _Toc79164120]It is not clear how much power saving gain Rel-16 WUS can provide.
To increase the power saving gain provided by WUS, some enhancement of WUS can be considered. Besides, the power model of WUS is not settled in TR 38.840. Therefore, the power model of WUS should be declared when companies report the simulation results. A method using an enhanced low power WUS was proposed in previous meeting [7]. Since the power consumption of both PDCCH and TRS are 100units, the reason for setting the power value should be justified if an enhancement WUS is associated with a lower power.
[bookmark: _Toc79164121]It is lack of evidences and reasons that an enhanced WUS can be implemented with a much lower power consumption compared to Rel-16 WUS.
· Cross-slot scheduling
Cross-slot scheduling can provide power saving gain by setting a non-zero K0min/K2min. One thing should be noted is that minimum triggering offset of aperiodic CSI-RS is associated with K0min. Obviously, larger K0min/K2min will cause larger latency. In TR 38.840, simulation results show that there is no great difference in power saving gain between K0min = 1 and K0min > 1. Therefore, dynamic change of K0min/K2min between 0 and 1 can be considered.
[bookmark: _Toc15871][bookmark: _Toc28560][bookmark: _Toc79164122]Large value of K0min/K2min should not be used considering the latency requirement for XR services.
[bookmark: _Toc79163845]Cross-slot scheduling configured with K0min=1 or K2min=1 can be considered for XR services.
· Uplink power saving
In previous RAN1 meetings, UL XR traffic has been discussed. Pose/control and video traffic are both considered in AR service. 
The period of traffic of pose/control is 4ms which means UE needs to transmit UL traffic frequently and has less time for sleep. For periodic traffic with fixed packet size, UL CG transmission is a good choice because UE does not need to send SR/BSR and wait for an UL grant. 
[bookmark: _Toc79164123]CG transmission is a good choice for pose/control traffic.
For video traffic, the packet size is large and dynamic scheduling is better. Dynamic scheduling may consume more power than CG transmission since UE needs to send SR/BSR and continues monitoring PDCCH for data scheduling. Therefore, the power saving technique of UL dynamic scheduling can be considered.
[bookmark: _Toc79164124]Dynamic grant scheduling is better for video traffic and may consume more power than CG transmission.
[bookmark: _Toc25075][bookmark: _Toc14376][bookmark: _Toc79163846]The power saving technique of dynamic grant scheduling can be considered as a starting point for uplink power saving study.
[bookmark: _Toc29400][bookmark: _Toc525][bookmark: _Toc29089][bookmark: _Toc82]Conclusion
According to the discussion above, we prefer to discuss/adopt the following observations/proposals:
[bookmark: _GoBack]Observation 1:	RAN1 can consider enhancements using the yellow highlighted parameters in TABLE 1 which is provided by SA4.
Observation 2:	The finer granularity of preemption is capable of enhancing the capacity performance of XR UEs.
Observation 3:	UEs can provide orientation information through BSR to assist DL transmission for gNB in the FoV stream and non-FoV transmission scenario.
Observation 4:	Due to the mismatch between XR traffic periodicity and DRX cycle, XR traffic cannot be guaranteed to always arrive at the DRX On period.
Observation 5:	The packets may not arrive in “DRX On” state due to jitter even if the mismatch problem is solved.
Observation 6:	Search space set group switching is a good choice for video stream with 120fps.
Observation 7:	It is not clear how much power saving gain Rel-16 WUS can provide.
Observation 8:	It is lack of evidences and reasons that an enhanced WUS can be implemented with a much lower power consumption compared to Rel-16 WUS.
Observation 9:	Large value of K0min/K2min should not be used considering the latency requirement for XR services.
Observation 10:	CG transmission is a good choice for pose/control traffic.
Observation 11:	Dynamic grant scheduling is better for video traffic and may consume more power than CG transmission.

Proposal 1:	At least ‘importance’ should be considered for enhancement of XR.
Proposal 2:	Further investigate the issues and potential working areas of preemption enhancement.
Proposal 3:	Further investigate the issues and potential working areas of CBG based feedback enhancement.
Proposal 4:	Further investigate the issues and potential working areas of assistant information reported by UE, including e.g., UL data volume, UE orientation information, UE traffic type, etc.
Proposal 5:	Compared with legacy SPS, the SPS enhancement should not lead to an obvious increase of signaling overhead.
Proposal 6:	Dynamic DRX parameter change indicated by DCI and periodic DRX parameter change can be considered.
Proposal 7:	Additional active time during DRX off can be considered.
Proposal 8:	Search space set group switching can be considered in XR.
Proposal 9:	PDCCH skipping can be considered in XR.
Proposal 10:	Cross-slot scheduling configured with K0min=1 or K2min=1 can be considered for XR services.
Proposal 11:	The power saving technique of dynamic grant scheduling can be considered as a starting point for uplink power saving study.
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