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	XR WID:
Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);
-	Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);
-	Delay reporting of buffered data in uplink (RAN2);
-	Discard operation of PDU Sets for DL and UL (RAN2, RAN3);


Discussion
New BSR tables
In last RAN2 meeting, two issues were identified as below.
New BSR tables are fixed (=specified) or semi-static (RRC-based).
FFS how many BSR tables are defined.
The purpose of multiple BSR tables is to reduce the quantization errors in BSR reporting, especially for high bit rates. Considering the large range of BSR table (0 – 81338368 bytes), it is not possible to get enough fine BS value when the lower bound is 0 even if we double the buffer size fields.
Observation 1: Non-zero lower bound should be considered to get fine BS values.
Some companies suggest setting BSR tables based on the packet size ranges of different XR services. It is not realizable considering two aspects: 1) The BSR is not to report how many data arrives in average at the UE buffer, but to report how many data are still in the UE buffer. After a data burst transmission in the UL grant, the buffered data volume will vary quickly. 2) The packet sizes of specific XR service (such as video) can vary in a large scope and no authoritative value range can be found.
Observation 2: It is not possible to set fixed BSR table(s) based on the size ranges ([min, max]) of different types of XR services.
Although setting fixed BSR tables can simplify UE implementation, from the above observations, it is impossible to design fixed BSR tables with satisfied quantization errors. For semi-static BSR tables, the BS value range (lower bound and upper bound of the BSR table) can be acquired based on the up-to-date information. So the new BSR tables can be set with satisfied quantization errors.
Proposal 1: RAN2 adopts semi-static BSR tables.
With semi-static BSR table, UE can report buffer size with fine granularity within the specific BS value range. Besides the new BSR table, legacy BSR table is still needed because the data buffered in UE could be lower than the minimum BS value of the new BSR table after MAC PDU is assembled. Then the two BSR tables are enough to reflect UE buffer status adaptively.
Proposal 2: Two BSR tables are applied to the XR UEs: legacy BSR table and an additional (finer) BSR table.
With the exponential distribution, the quantization error increases as the BS index increases. It contradicts with our intention to decrease the quantization error of high BS values. And it increases UE complexity comparing with linear distribution. So in the additional BSR table, linear stepping is preferred.
Proposal 3: In the additional BSR table, linear stepping should be considered.
For the semi-static BSR table, the most important issue is how to get the BS value range. One solution is to configure the lower bound and upper bound of the semi-static BSR table by gNB which may evaluate the BS value range via certain factors, such as the service statistical information. An alternative is that UE reports 2-stage BSR in which the BS value of the 1st stage is from the legacy BSR table and the 2nd stage is deduced based on the BS value in the 1st stage. The 2nd solution is more accurate but increases UE complexity. RAN2 could discuss them further.
Proposal 4: Two solutions could be considered for the additional BSR table:
· gNB configures the lower and upper bound for the additional BSR table.
· UE reports 2-stage BSR in which the 1st stage is in the legacy BSR table and the 2nd stage is deduced based on the BS value in the 1st stage.
In current specification, BS report is per LCG and gNB configures the LCHs with similar QoS requirements in same LCG. The mechanism can be applied to the additional BSR directly. If gNB would like to track the BS value of specific LCH, it can configure the LCH to a LCG separately.
Proposal 5: The additional BSR should be configured per LCG as usual.
In legacy long BSR, one BSR MAC CE can contain BS values of multiple LCGs. When the additional BSR table is used, it is difficult to multiplex the BS values with different BSR tables in one BSR MAC CE. Hence it is better for the UE to report the BSR using additional BSR table separately from the legacy BSR.
Proposal 6：The BSR containing BS value belonging to the additional BSR table should be reported separately from the legacy BSR.
Delay reporting
SA2 introduced a new delay budget requirement for XR services that supersedes the legacy PDB, the PDU Set Delay Budget (PSDB). It applies to both UL and DL QoS flows. Since, when configured, there is no other delay requirement at SDU or burst level, the remaining time is based on the PSDB and therefore applies at PDU Set level. It should therefore leverage the PDU Set PDCP timer discussed in our contribution [3] to AI 7.5.4.2.  
Proposal 7: The remaining time report applies at PDU Set level and includes the remaining time left for a PDU Set, based on the PSDB.
Referring to TR 38.835, the latency of video could be of the order of 10 ms or in a range from 7-15 milliseconds. And the latency of pose information is in the range of 10-20ms. The delay report is usable only when the remaining time of packets is urgent and no recent UL grant can be used. So there are at least two conditions that should be considered to trigger the delay report: 1) Time threshold to the remaining time of the PDU set; 2) No UL transmission resource (such as CG resource) is available within the remaining time.
Proposal 8: Delay report should be triggered only when the remaining time of a PDU set is equal to or lower than a threshold and no recent UL grant can be used.
During the SI stage, it was argued that the delay report should be in BSR MAC CE or a separate MAC CE. The delay report should be applied to specific LCH(s) only. And the delay report may be associated with legacy BSR or the BSR with new BSR tables. If the delay report is included in BSR MAC CE, it will incur at least 3 new BSR MAC CE formats which are for short BSR MAC CE, long BSR MAC CE, and new BSR MAC CE with new BSR table. Another impact is that it increases the difficulties to assemble MAC PDU due to the large size of BSR MAC CE with delay report. So the delay report should not be included in BSR MAC CE.
Proposal 9: Delay report should not be included in BSR MAC CE.
The delay report should be up to date considering e.g. scheduling and transmission delays. Besides MAC CE, another option can be considered: using UCI on PUSCH to report the remaining time.
As shown in Figure 1, the UCI for delay report is configured to associate with specific LCH(s) which is linked with specific CG configuration. When UE reports it, gNB is aware of the tight delay budget for specific XR traffic even if the MAC PDU in the same PUSCH gets wrong CRC and so, is delayed to its retransmission. Hence gNB can allocate UL resource timely for the ongoing PDU set. 
This option needs RAN1 work and the mechanism could be:
1. In MAC:
0. Associate the XR LCH with a configured grant;
0. Consider the condition to trigger delay report containing  remaining time;
0. Trigger the report to PHY (similar to SR) in the next available CG configuration associated with this LCH.
1. In PHY: multiplex UCI in the next available CG configuration associated with this LCH. 
Since this option can report remaining time in an efficient way, we propose consulting RAN1 on its feasibility (e.g. how to code remaining time in UCI, etc). 


[bookmark: _Ref131185603]Figure 1 Delay report using UCI on PUSCH
Proposal 10: A separate MAC CE, and/or UCI on PUSCH could be used to report the remaining time.
Since delay report is separate from BSR MAC CE, it should be associated with BSR report in a specified way. The simple way is to link the delay report to a nearest BSR.
Proposal 11: The delay report should be associated with a nearest BSR (in the same MAC PDU or previous MAC PDU) and the remaining time in the delay report is associated with the buffer size of specific LCG/LCH.  
Conclusion
According to the analysis in section 2, we provide below observations and proposals.
New BSR Tables
Observation 1: Non-zero lower bound should be considered to get fine BS values.
Observation 2: It is not possible to set fixed BSR table(s) based on the size ranges ([min, max]) of different types of XR services.
Proposal 1: RAN2 adopts semi-static BSR tables.
Proposal 2: Two BSR tables are applied to the XR UEs: legacy BSR table and an additional (finer) BSR table.
Proposal 3: In the additional BSR table, linear stepping should be considered.
Proposal 4: Two solutions could be considered for the additional BSR table:
· gNB configures the lower and upper bound for the additional BSR table.
· UE reports 2-stage BSR in which the 1st stage is in the legacy BSR table and the 2nd stage is deduced based on the BS value in the 1st stage.
Proposal 5: The additional BSR should be configured per LCG as usual.
Proposal 6：The BSR containing BS value belonging to the additional BSR table should be reported separately from the legacy BSR.
Delay report
Proposal 7: The remaining time report applies at PDU Set level and includes the remaining time left for a PDU Set, based on the PSDB.
Proposal 8: Delay report should be triggered only when the remaining time of a PDU set is equal to or lower than a threshold and no recent UL grant can be used.
Proposal 9: Delay report should not be included in BSR MAC CE.
Proposal 10: A separate MAC CE, and/or UCI on PUSCH could be used to report the remaining time.
Proposal 11: The delay report should be associated with a nearest BSR (in the same MAC PDU or previous MAC PDU) and the remaining time in the delay report is associated with the buffer size of specific LCG/LCH.  
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