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1 Introduction

The issue of reduction of PPPP reporting granularity when using 4 logical channel groups to represent buffer status related to both PPPP and PPPR was discussed during RAN2 #102.  The problem was acknowledged by 6 companies in an offline discussion [2].  However, the specific solution to this problem could not be agreed online, and only the configuration of LCG to PPPR in the RRC specification was agreed: 
·  For configuration of LCG-PPPR, we are ok with 36.331 CR (similar to option3)

In this contribution, we demonstate the issue of reduced granularity of PPPP/PPPR reporting in BSR and compare different solutions.  MAC/RRC CRs are proposed for each option in accompanying documents [3]
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2 Reporting of Buffer Status for Different PPPR
2.1 PPPP/PPPR Granularity Issue 
In mode 3, the network performs scheduling decisions for the UE based on the information in the SL-BSR.  When data requires duplication, the application layer sets the PPPR according to the reliability requirements of that packet.  The network needs to know the PPPR information of data in the UEs buffers to determine whether to schedule resources on multiple carriers.

In the latest specifications, an LCG can be configured with a set of PPPP and PPPR using logicalChGroupInfoList.  Each logical channel is mapped to an LCG based on its PPPP/PPPR and the mapping in logicalChGroupInfoList.  The buffer status is then reported across all logical channels mapped to an LCG. 
The table below shows one example mapping of PPPP/PPPR to LCG that may be configured by the network, and the corresponding BSR reported for a particular destination address.  

	PPPP
	PPPR
	LCG
	BSR

	1, 2, 3, 4
	1, 2, 3, 4
	1
	BS associated with PPPPP(1,2,3,4) and PPPR(1,2,3,4)

	1, 2, 3, 4
	5, 6, 7, 8
	2
	BS associated with PPPP(1,2,3,4) and PPPR(5,6,7,8)

	5, 6, 7, 8
	1, 2, 3, 4
	3
	BS associated with PPPP(5,6,7,8) and PPPR(1,2,3,4)

	5, 6, 7, 8
	5, 6, 7, 8
	4
	BS associated with PPPP(5,6,7,8) and PPPR(5,6,7,8)


To schedule the carriers used for non-duplicated and duplicated data, the scheduler needs to know the total data to be transmitted and the amount of data requiring duplication (e.g. PPPR 1,2,3,4 in the above example).  The set of 8 priorities (PPPP) therefore needs to be divided among fewer LCG to account for PPPR information, which reduces the granularity of PPPP to LCG mapping.  This will affect scheduler performance compared to Rel14 since the scheduler will no longer be able to distinguish between different priority transmissions which were mapped to different LCG.  This information was available to the eNB in Rel-14 but will no longer be available in Rel-15 since the priorities now need to be mapped to the same LCG.
Observation 1:
Use of the 4 LCGs to report buffer status related to both PPPP and PPPR reduces the granularity in PPPP reporting and worsens scheduler performance compared to Rel14.

As a guiding principle, the performance of a feature in one release should not be affected by the introduction of a new feature in a subsequent release.  Furthermore, in Rel-14, mapping of 8 PPPP to the existing 4 LCG was already a simplification which reduced the ability of the scheduler to distinguish UEs with different priorities. Further reduction in granularity of PPPP to LCG should be avoided by modifying BSR reporting in Rel15.
Proposal 1:
BSR reporting should provide buffer status of PPPR while keeping the granularity of the BS of PPPP in Rel-14.  
2.2 Options for Handling PPPP/PPPR

To achive proposal 1, a number of options discussed in RAN2#102 can be considered.  Each of these options has low specification effort.  These are further described and compared below, and baseline CRs for each option have been provided separately.
Option 1 – Double reporting of buffer status for the same Destination/LCG [3]
In this option, the UE reports buffer status twice for the same destination and LCG in the BSR report.  The first report is for the total buffer status of all logical channels having PPPP mapped to that LCG by RRC, and the second for the buffer status of those logical channels having both PPPP and PPPR mapped to that LCG by RRC.  If the UE has data for logical channels with a given PPPP that also have PPPR, it includes a second triplet (destination index, LCG, buffer status) with the same destinationID and LCGID into the BSR.  The buffer status of this second triplet represents the data that requires duplication for the associated PPPPs.  As shown in the corresponding MAC CR [3], the BSR format for this option remains unchanged.
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In order to schedule both the carriers used for non-duplicated and duplicated data, the scheduler needs to
know the amount of data requiring duplication (PPPR 1,2,3,4 in the above example), as well as the amount
of data not requiring duplication. As a result, the set of 8 priorities needs to be divided among fewer LCG to
account for PPPP information. This results in a reduction in the granularity of PPPP to LCG mapping and
therefore to worse scheduler performance when compared to Rel14 where PPPR was not present.
Specifically, the scheduler will be less able to properly prioritize different UEs reporting status for the same
LCG but for different priorities.

Observation 1:  Use of the 4 LCGs to report buffer status related to both PPPP and PPPR results in a
reduction of the granularity in PPPP reporting, and scheduling performance, compared to
Rel14.

As a guiding principle, the performance of a feature in one release should not be affected by the introduction
of a new feature in a subsequent release. Furthermore, in Rel14, mapping of 8 PPPP to the existing 4 LCG
was in itself already a simplification that was made which reduced the ability of the scheduler to distinguish
UEs with different priorities. It would therefore be necessary to modify BSR reporting to avoid further
reduction in performance for Rel15.

Proposal 1: RAN2 to modify BSR reporting to handle PPPR so that at least granularity of PPPP to
LCG mapping of Rel14 is possible also with Rel15.

£ 2.2 Options for Handling PPPP/PPPR

A number of options are possible for addressing the above problem were discussed in RAN2#102 and each
of them has relatively low specification effort. These are further described and compared, and baseline CRs
for each option have been provided separately (include references)
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In one solution, the UE reports buffer status twice for the same destination and LCG by including the
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Option 2 – Change BSR format to include optional buffer status related to PPPR [4]
In this option, the UE also reports buffer status twice for the same destination and LCG.  However, this is done by changing the current BSR format to allow reporting of two buffer status fields with the same destination/LCG pair.  The effect is therefore the same as option 1, except that a change in BSR format is required.  As shown in the associated MAC CR [4], the number of different Sidelink BSR and Truncated Sidelink BSR MAC CE formats will increase from 2 to 8.  Each of these 8 formats will depend on the values of N (number of dest/LCG ID reported) and M (number of duplicate buffer status fields).  An additional field (1 bit) is also needed to indicate whether duplicate buffer status is being reported for a given destination ID and LCG ID.
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LCG mapping of Rel14 is possible also with Rel15.

2.2 Options for Handling PPPP/PPPR

A number of options are possible for addressing the above problem were discussed in RAN2#102 and each
of them has relatively low specification effort. These are further described and compared, and baseline CRs
for each option have been provided separately (include references)

Option 1 — Double reporting of buffer status for the same Destination/LCG(R2-180xxxx)

In the first option, the UE reports buffer status twice for the same destination and LCG by including the
destination index/LCG pair twice in the BSR report. The first report is associated with the total buffer status
associated with the logical channels having PPPP mapped to that LCG by RRC (regardless of PPPR), and
the second is the buffer status of logical channels with the RRC-mapped PPPP which also have PPPR that
match the PPPR mapped to that LCG by RRC. If the UE has logical channels for a given PPPP that also
have PPPR that meet the RRC mapping, it includes a second triplet with the same destinationID and LCGID,
and the buffer status is the number of packets with the associated PPPP that also have PPPR that match the
RRC configured mapping. The second report effectively represents the data with the given PPPP that
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In the second option, the UE also reports buffer status twice for the same destination and LCG. However,
this is done by changing the current BSR format to allow reporting of two buffer status fields with the same
destination/LCG pair.
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Option 3 – Increase the number of LCGs to 8 [5]
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In this option, the number of LCGs for Rel-15 is increased to 8. Each LCG has a PPPP and a PPPR threshold configured.  For example, LCG 1 is mapped to PPPP 1,2 with PPPP > threshold and LCG 2 is mapped to the same PPPP but with no threshold.  The eNB can therefore understand what is the total BS of LCHs with PPPP 1 and 2 and also BS of LCH requiring duplication for thosse PPPPs.  If only two distinct sets of PPPR (i.e. PPPR above and below a threshold) need to be distinguished by the network, the same granularity of PPPP to LCG mapping as Rel14 can be achieved.  Since PPPR is used in Rel15 only to turn on/off duplication, this is sufficient for Rel15.  However, it may not be future proof in case the network would need to later distinguish between more than two possible mappings of PPPR.

The existing BSR format needs to be modified to increase the size of the LCG ID to 3 bits.  There are therefore 8 different sidelink BSR MAC CE formats, depending on the value of N.   
Option 4 – Report BSR for PPPR using an unused destination index [7] 

In this option, the UE uses unused destination indicies to report buffer status associated with PPPR information.  The destination index in Rel-14/Rel-15 is obtained by sequentially indexing over all destination addresses in v2x-DestinationInfoList.  If there are unused destination indicies in the index space (4 bits) they are assigned to all destination addresses across all frequencies, the UE can use them to report the buffer status corresponding to logical channels of the mapped PPPR for the LCG.  The UE can sequentially map the unused destination indicies to the destination addresses in v2x-DestinationInfoList requiring duplication.  Destination index space may be a concern with this option, as different destination indicies are used for the same destination address that are mapped to different carriers.  To address this concern, a specific destination address need not be indexed twice with an unused index if it is repeated in different frequencies.
This option allows reporting of buffer status without the need to change the current BSR format.  However, if the number of unused indicies is not sufficient, PPPR information may not be reported for some/all destination addresses.

Comparison of the 4 options
The four solutions described above are compared in the following table.  Options 1 and 4 minimize impacts to the specifications overall because RRC changes are not required and the existing BSR format is not changed.  Option 4, however, has the added disadvantage that certain PPPR values may not be reported if there are too few unused destination indicies.  Option 2 results in BSR with the smallest size compared with the others because the PPPR buffer status is added to an existing pair of destination index and LCG ID, rather than having to repeat the same pair again.

Further discussion would be needed on the relative importance between these criteria before deciding the solution. 
	
	RRC Changes Required
	BSR format change required (new fields in BSR)
	Number of MAC CE Formats Increased from Rel14
	Relative increase in BSR size
	Can work with any number of destination addresses

	Option 1
	NO
	NO
	NO
	HIGH
	YES

	Option 2
	NO
	YES
	YES
	LOW
	YES

	Option 3
	YES
	YES
	YES
	HIGH
	YES

	Option 4
	NO
	NO
	NO
	HIGH
	NO


Proposal 2:
RAN2 to choose one of the above 4 options for reporting of BSR information, and use the corresponding CR(s) as the baseline.

3 Conclusion

In this contribution the following observations were made on reporting of PPPR information in SL-BSR:

Observation 1:
Use of the 4 LCGs to report buffer status related to both PPPP and PPPR reduces the granularity in PPPP reporting and worsens scheduler performance compared to Rel14.

Based on these observations, the following conclusions were made:

Proposal 1:
BSR reporting should provide buffer status of PPPR while keeping the granularity of the BS of PPPP in Rel-14.

Proposal 2:
RAN2 to choose one of the above 4 options for reporting of BSR information, and use the corresponding CR(s) as the baseline.

4 References

[1] R2-180xxxx – RAN2 #101bis Chairman Notes – RAN2 Chairman.
[2] RAN2#102 - [CB 714] PPPR information report issue – OPPO.
[3] R2-1811469 - MAC CR for Reporting of PPPR Information in BSR – Option 1 - Interdigital, Lenovo, Motorola Mobility, Convida
[4] R2-1811470 - MAC CR for Reporting of PPPR Information in BSR – Option 2 - Interdigital
[5] R2-1811471 - MAC CR for Reporting of PPPR Information in BSR – Option 3 - Interdigital
[6] R2-1811473 - RRC CR for Reporting of PPPR Information in BSR – Option 3 - Interdigital
[7] R2-1811472 - MAC CR for Reporting of PPPR Information in BSR – Option 4 - Interdigital
5 Appendix
5.1 Agreements related to PPPR from RAN2#101bis

Agreements
1: The UE needs to provide PPPR information to the eNB only for mode-3 operations.

2: The PPPR information consists of:

a: The amount of data associated to one (or more) PPPR values, that the UE has in the buffer.

b: The destination of the V2X messages associated to one (or more) PPPR values, that the UE has in the buffer.
3: PPPR information shall be sent by the UE in the MAC CE. FFS if sidelinkUEInformation needs to include PPPR.

4: If MAC CE is adopted for PPPR information reporting, the existing SL BSR MAC CE is reused. The eNB can configure a mapping between PPPRs and LCGs to be used in the SL BSR MAC CE for PPPR information reporting.

5a: The eNB configures packet duplication via RRC. FFS on the details signaling (e.g. per PPPR, highest PPPR, etc.) The UE shall perform packet duplication for the configured PPPR values until deconfigured by eNB reconfiguration.

5b: For BSR, eNB configures mapping information between LCG and PPPR. For activation, eNB configures threshold (details of signaling way will be discussed in stage3 CP) of PPPR for mode3 (dedicated RRC) and mode4 (dedicated RRC for connected, SIB for idle).

6: PPPR is not used for TX carrier selection for packet duplication.
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