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Introduction
In this paper, we discuss working areas for potential XR specific enhancements.
On better support for XR capacity
Enhanced Pre-emption
When XR service accesses current network, one of unavoidable problems is the coexistence of XR services and existing services, including, e.g., uRLLC, eMBB and so on. In case system load is high, the scheduling collision occurs frequently among different services. Feasible mechanism includes allowing for data/services with stricter delay, reliability requirement and small data volume to preempt the resources allocated for data/services with looser delay and reliability requirements. 
Take preemption between different traffic for instance, uRLLC can activate and overlap with already scheduled eMBB/XR due to the PDB requirement. Firstly, considering the case uRLLC preempting eMBB traffic, current Rel-15 preemption mechanism is capable of indicating the preemption area in symbol level but with the whole bandwidth part. And eMBB traffic can still be successfully delivered with multiple ReTx with its loose latency requirement. When it comes to the case uRLLC preempting XR traffic, things are different. Due to the uRLLC-like latency requirement but eMBB-like data volume characteristics for XR service, over-preempting 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 [1], the evaluation results among enhanced preemption indication, Rel-15 preemption indication and no preemption indication is presented in Figure 1. Large performance gain is observed using precise preemption indication because of finer granularity for preemption indication pattern. As a result, re-transmissions decrease and more XR packets are likely to be delivered within packet delay budget. More details about preemption are shown in [1].
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Figure. 1 Capacity performance of three different preemption indication case.
[bookmark: _Toc25134][bookmark: _Toc83805059][bookmark: _Toc15403][bookmark: _Toc23069][bookmark: _Toc83929179]The finer granularity of preemption is capable of enhancing the capacity performance of UEs.
In addition to our previous contribution on the concurrent transmission of XR and other services, it has been observed that intra XR scenario also includes some priority differentiation use cases. This could call for further optimization of preemption related handling.
[bookmark: _Toc25465][bookmark: _Toc20156][bookmark: _Toc5143][bookmark: _Toc83805067][bookmark: _Toc29721][bookmark: _Toc16818][bookmark: _Toc7775][bookmark: _Toc83928797][bookmark: _Toc17209][bookmark: _Toc20201]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 in 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. According to field test results, around 4-5 CBs will be decoded incorrectly in 30 CBs within a TB. 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. 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: _Toc9524][bookmark: _Toc14607][bookmark: _Toc83805068][bookmark: _Toc1718][bookmark: _Toc21994][bookmark: _Toc16820][bookmark: _Toc6229][bookmark: _Toc83928798][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 (BS) should be reported to gNB for requesting the PUSCH resource. According to current spec., 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 [2], 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 [3]. 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 that BSR conveys the UL assistance information is that FoV and non-FoV transmission scenario. According to SA4 input [4], 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: _Toc2934][bookmark: _Toc83805060][bookmark: _Toc25047][bookmark: _Toc4166][bookmark: _Toc83929180]UEs can provide orientation information through BSR to assist DL transmission for gNB in the FoV and non-FoV stream 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: _Toc14077][bookmark: _Toc16548][bookmark: _Toc21310][bookmark: _Toc83805069][bookmark: _Toc29964][bookmark: _Toc30434][bookmark: _Toc25155][bookmark: _Toc83928799][bookmark: _Toc11044][bookmark: _Toc6132]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 satisfying 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: _Toc83805070][bookmark: _Toc11883][bookmark: _Toc27932][bookmark: _Toc28207][bookmark: _Toc9718][bookmark: _Toc7056][bookmark: _Toc16122][bookmark: _Toc16190][bookmark: _Toc26913][bookmark: _Toc83928800]Compared with legacy SPS, the SPS enhancement should not lead to an obvious increase of signaling overhead.
 Delta-MCS
Delta-MCS had been studied in Rel-17 URLLC work item. The delta-MCS is calculated from the difference between IMCS_tgt and IMCS, where IMCS_tgt is largest MCS index such that estimated BLER of the for a TB received with this MCS index would be smaller than or equal to a BLER target, and IMCS is the MCS index of the received TB. 
According to the evaluation results for delta-MCS, some results confirm that the deta-MCS allows faster OLLA convergence and better system performance [5]. Yet there is no consensus for delta-MCS during URLLC study due to limited time.
XR service requires small latency and high reliability which is similar to URLLC. The packet size is one big difference between XR service and URLLC service. Since the packet size of XR service is large, the MCS is one important factor which will affect the resource utilization and system performance. A conservative MCS may waste resource and reduce the capacity, and an aggressive MCS may increase the error rate. 
[image: allue_effisinr_targetsnrdifferent]
Figure. 4 Delta SINR
Figure 4 shows CDF of delta SINR. The delta SINR is calculated by the subtracting the SINR associated with the scheduled MCS from the SINR which satisfies the BLER when receiving a PDSCH. A positive delta SINR value means the scheduled MCS is a conservative value and may consume more resources for the PDSCH. According to the results, the scheduled MCS usually does not match the channel condition.
[bookmark: _Toc8436][bookmark: _Toc83805061][bookmark: _Toc3218][bookmark: _Toc83929181]The scheduled MCS usually does not match the channel condition.
According to the discussion, a proper MCS is needed and can maximize resource utilization while meeting BLER requirements. Making full use of resources is constructive to capacity improvement. Reporting delta-MCS used to adjust MCS can be considered.
[bookmark: _Toc2580][bookmark: _Toc83805071][bookmark: _Toc23853][bookmark: _Toc83928801]Delta-MCS can be considered in XR.
[bookmark: _GoBack]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 fluctuate 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 5. 
[image: ] 
Figure. 5 mismatch between XR traffic and DRX
[bookmark: _Toc24812][bookmark: _Toc5606][bookmark: _Toc10036][bookmark: _Toc83805062][bookmark: _Toc25373][bookmark: _Toc27516][bookmark: _Toc83929182]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 6. The drx-startoffset changes every 6 cycles to keep aligned with traffic pattern.
[image: ]
Figure. 6 Change drx-startoffset periodically
Besides, the DRX configuration may not align 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: _Toc26397][bookmark: _Toc1131][bookmark: _Toc314][bookmark: _Toc28718][bookmark: _Toc21587][bookmark: _Toc12645][bookmark: _Toc83805072][bookmark: _Toc12658][bookmark: _Toc30426][bookmark: _Toc30764][bookmark: _Toc83928802]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: _Toc18204][bookmark: _Toc6046][bookmark: _Toc28123][bookmark: _Toc13358][bookmark: _Toc31900][bookmark: _Toc83805063][bookmark: _Toc83929183]The packets may not arrive in “DRX On” state due to jitter even if the mismatch problem is solved.
If packet arrives earlier than the DRX On because of jitter, the packet can be scheduled immediately when UE starts 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. 7 Additional active time
As shown in Figure 7, 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: _Toc22454][bookmark: _Toc1197][bookmark: _Toc27100][bookmark: _Toc83805073][bookmark: _Toc11105][bookmark: _Toc12354][bookmark: _Toc29977][bookmark: _Toc22084][bookmark: _Toc2431][bookmark: _Toc8187][bookmark: _Toc83928803]Additional active time during DRX off can be considered.
· Search space set group switching
Search space set group switching has been specified in Rel-16 NRU and the potential enhancement is being studied in Rel-17 UE power saving. Large search space set periodicity leads to higher transmission latency and impacts power saving gain. An reasonable setting for the periodicity of search space set group can reduce the latency and have limited capacity loss for XR.
[bookmark: _Toc5924][bookmark: _Toc16393][bookmark: _Toc13033][bookmark: _Toc4115][bookmark: _Toc2852][bookmark: _Toc83805074][bookmark: _Toc20695][bookmark: _Toc83928804]Search space set group switching can be considered in XR.
· PDCCH skipping
Same as search space set group switching, PDCCH skipping is being discussed in Rel-17 UE power saving work item. UE can stop monitoring PDCCH for a time duration if PDCCH skipping is indicated. 
PDCCH skipping can provide high power saving gain at the cost of larger latency when the skipping duration is set to a large value. According to the study in UE power saving work 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.
[bookmark: _Toc20696][bookmark: _Toc26051][bookmark: _Toc28236][bookmark: _Toc83805075][bookmark: _Toc7572][bookmark: _Toc3894][bookmark: _Toc19496][bookmark: _Toc14718][bookmark: _Toc30647][bookmark: _Toc31379][bookmark: _Toc83928805]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: _Toc2035][bookmark: _Toc22813][bookmark: _Toc12851][bookmark: _Toc83805065][bookmark: _Toc83929184]It is not clear how much power saving gain Rel-16 WUS can provide.
Since the power model of WUS is not settled in TR 38.840, the relevant setting 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, it should be clarified why the power value can be set differently.
[bookmark: _Toc6913][bookmark: _Toc29920][bookmark: _Toc83805066][bookmark: _Toc3357][bookmark: _Toc83929185]The power model of WUS needs to be reported and justified with the simulation results of enhanced WUS.
· Uplink power saving
Various signals/data (e.g., CSI report, HARQ ACK, UL data, etc) needs to be transmitted in UL. The independent transmission occasion of each signals/data shall limit the sleep time at the UE. If the transmission of UL signals/data can be confined within a period of time, UE is more likely to go to a deeper sleep.
To this end, an UL active time is proposed. The UL active time stipulates the time duration when UE can transmit signals/data. And UE is not expected to perform UL transmission outside the active time. Following aspects for UL active time can be considered:
· Pattern of the UL active time
The UL active time location is determined according to a semi-static configuration. For example, similar as the configuration of DRX, the UL active time can be periodical.
· Triggering condition
The UL active time can be triggered when UE receives PDSCH or when UE is in DRX ON. This is helpful in DL and UL alignment.
[bookmark: _Toc83805076][bookmark: _Toc19427][bookmark: _Toc16835][bookmark: _Toc29247][bookmark: _Toc28375][bookmark: _Toc21285][bookmark: _Toc26788][bookmark: _Toc83928806]An UL active time used to confine the UL transmission can be considered for uplink power saving.
· DL & UL alignment
When UE receives or transmits data, the corresponding modems need to be switched on. Otherwise, the modems at UE side can be switched off to save energy. It would be helpful to reduce UE power consumption if DL reception and UL transmission are performed at same time period.
As discussed above, multiple signals/data are transmitted in UL. In this section, the alignment of SR transmission and DL traffic is discussed.
If UE transmits a SR, it means UE has some data to be transmitted. UE will monitor PDCCH for potential UL grant after the transmission of SR. Frequent SR transmission will increase both UL and DL power consumption. Reducing the probability of SR transmission is helpful for power saving.
The SR transmit occasion is determined by SR resource configuration which includes a periodicity and an offset. To align the DL packet transmission, a dense SR resource can be used during DL packet burst time and a sparse SR resource can be used after DL packet burst as shown in Figure 8.
[image: ]
Figure. 8 Switch SR group according to DL packet burst
[bookmark: _Toc10601][bookmark: _Toc83805077][bookmark: _Toc18022][bookmark: _Toc17995][bookmark: _Toc17730][bookmark: _Toc18868][bookmark: _Toc13121][bookmark: _Toc83928807]SR resource switching (i.e. switching between a dense SR resource configuration and a sparse SR resource configuration) can be considered for better DL & UL alignment.
[bookmark: _Toc82][bookmark: _Toc525][bookmark: _Toc29400][bookmark: _Toc29089]Conclusion
According to the discussion above, we prefer to discuss/adopt the following observations/proposals:
Observation 1:	The finer granularity of preemption is capable of enhancing the capacity performance of UEs.
Observation 2:	UEs can provide orientation information through BSR to assist DL transmission for gNB in the FoV and non-FoV stream transmission scenario.
Observation 3:	The scheduled MCS usually does not match the channel condition.
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:	It is not clear how much power saving gain Rel-16 WUS can provide.
Observation 7:	The power model of WUS needs to be reported and justified with the simulation results of enhanced WUS.

Proposal 1:	Further investigate the issues and potential working areas of preemption enhancement.
Proposal 2:	Further investigate the issues and potential working areas of CBG based feedback enhancement.
Proposal 3:	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 4:	Compared with legacy SPS, the SPS enhancement should not lead to an obvious increase of signaling overhead.
Proposal 5:	Delta-MCS can be considered in XR.
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:	An UL active time used to confine the UL transmission can be considered for uplink power saving.
Proposal 11:	SR resource switching (i.e. switching between a dense SR resource configuration and a sparse SR resource configuration) can be considered for better DL & UL alignment.
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