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1 Introduction

In RAN#75, a work item (WI) proposal for New Radio was approved [1]. One objective of the WI is to specify the MAC sub-layer for NR, including the Logical Channel Prioritization procedure. TR 38.804 [2] states that a single MAC entity can support one or multiple TTI durations, RRC can configure a mapping between a logical channel and applicable numerologies and/or TTI duration(s), and the logical channel prioritization procedure takes into account the mapping of one LCH to one or more numerologies and/or TTI durations. 
In RAN2#97bis, the following agreements on LCP were reached [3]:

Agreements 

-
Priority, PBR concept is used in NR as a baseline. 

-
For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled 

-
Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently

This contribution discusses further aspects related to the Logical Channel Prioritization procedure for NR.
2 Logical Channel Multiplexing and Prioritization
2.1 Additional MAC Parameters for LCP

RAN2 has agreed that priority, PBR concept is used as baseline for NR. RAN2 has further agreed that LCH priority is configured per UE.
2.1.1 Multiplexing Information – harqTreatment and HARQ Information
Companion contribution R2-1704910 [6] proposes that RRC configures LCH multiplexing using a “harqTreatment” parameter per LCH, and that multiple values may be configured per LCH.
Proposal 1:
The LCP procedure includes a determination of applicable LCH for a TB for a new transmission using a new parameter harqTreatment, where one or more values configured per LCH indicates if data from the logical channel can be allocated resources of the new transmission.
It also proposes that HARQ Information includes a HARQ Treatment Indication (HTI); the UE MAC uses the HTI to determine what LCH to consider for the LCP procedure when multiplexing data in a TB for a new transmission.
Proposal 2:
HARQ Information includes a multiplexing indication e.g. the HARQ Treatment Indication (HTI).
For example, the following addition to the HARQ Information is proposed:

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID. For UL-SCH transmissions HARQ information includes HARQ Treatment Indication (HTI) for UEs configured by upper layers with at least one LCH with a non-zero value for harqTreatment, otherwise the value of HTI is set to 0.
2.1.2 Incrementing Bucket Size in Time – Bucket Size Interval (BSI)

Companion contribution R2-1704908 proposes that MAC should not be made aware of the different TTI durations. However, in LTE the increment for the bucket using the variable Bj relies on “TTI Duration”. Taking LTE LCP as baseline, the procedure relies on a number of parameters configured by RRC for each LCH, including a priority, a prioritized bitrate (PBR), and bucket size duration (BSD). The procedure then goes through a number of steps to construct a TB for each UL grant from a number of multiplexed LCHs. Since the LTE procedure relies on the token-bucket algorithm, each LCH maintains a starvation variable Bj, as described in TS 36.321[4]:

The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j.

Since a LCH in NR can map to multiple TTI durations, increasing Bj by PBR × TTI duration is unclear in terms of which TTI duration is used and how often is Bj is increased.

It is proposed to remove the reference to the TTI duration from the increment calculation given that Bj is maintained by LCH and given that some LCHs may be configured to be served using more than one TTI duration. More specifically, RRC explicitly configures a Bucket Size Interval (BSI) to replace the “TTI Duration” in the calculation that increments the value of Bj to avoid any uncertainty with respect to the value of the variable Bj.
Proposal 3:
The LCP procedure uses a new parameter Bucket Size Interval (BSI) configured by RRC that replaces the TTI Duration in the calculation of the increment to the variable Bj.
2.2 Determination of Applicable LCHs for Multiplexing of Data
Taking LTE LCP as baseline, the procedure considers all LCHs when evaluating how to serve data for a transport block for a new transmission. When multiplexing for data from LCHs is configured, either by association to a specific TTI duration / numerology or using a more generic mapping approach as proposed herein, LCP should only consider applicable LCHs. Consequently, the following is proposed:
Proposal 4:
The MAC entity allocates resources for a new transmission to the logical channels with a harqTreatment value set to HTI of the HARQ Information.
2.3 Processing of multiple UL grants

In NR, data applicable to a specific mapping value should contend with data of similar requirements (i.e. data associated to LCH(s) mapped to the same treatment e.g. numerology/TTI duration etc.). Consequently, LCP should be applied separately for all resources associated to a given treatment only for applicable LCH(s), at least for the portion up to the PBR of the concerned LCHs. 

Proposal 5:
LCP should process all UL grants of the same harqTreatment value together and consecutively.

In LTE, TS 36.321 states that segmentation of RLC PDUs should be minimized and only used when the SDU doesn’t fit in one TB. When multiple grants of the same harqTreatment value are available, the same principle should be maintained in NR to minimize the fragmentation of LCH data over resources of different physical layer characteristics.

Proposal 6:
The processing order of UL grants of the same harqTreatment value is up to UE implementation.

It can be left FFS if the order between grants of different HTI values (e.g. in increasing/decreasing order of HTI values) needs to be specified.

2.4 TB Filling Behaviour

During Step 1 of the LCP procedure, the UE attempts to serve all logical channels mapped to the TB up to their Bj values in decreasing priority order [4]:
-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);
This may be not always yield a desirable UE behaviour when lower priority logical channels configured with multiple harqTreatment values (e.g. TTI durations) are mapped to a resource that is more optimal for other LCHs with data available for transmission. These LCHs will occupy some resources already in Step 1, even though data is available from other higher priority/low-latency LCHs which would have been otherwise obtained in Step 3. This is illustrated in Figure 1.  In may thus be desirable enable some LCHs configured with multiple values for harqTreatment to contend for resources of a specific HTI only in Step 3, i.e. when other LCHs have first emptied their buffers.
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Figure 1: Illustration of legacy LCP procedure used on LCHs mapping to multiple TTI durations
One method to enable a logical channel configured with multiple values for harqTreatment to only contend for resources in Step 3 is to set the PBR of higher priority LCHs to infinity. However, this method does not allow for differentiation in terms of guaranteed bit rate among higher priority LCHs that have the same priority. Another approach would be to configure each LCH that maps to multiple harqTreatment values with a 1-bit barring parameter that indicates whether it can compete for resources in Step 1 for a given harqTreatment value.

Consequently, the following is proposed:
Proposal 7:
RRC can configure whether or not a LCH configured with multiple harqTreatment values can contend for resources for a new transmission in LCP Step 1 for a given HTI value.

Another alternative to the above proposal that achieves more scheduling flexibility is to configure different PBR values for a LCH that maps to multiple values for harqTreatment. For example, a large data rate can be configured for the PBR of a first harqTreatment value and a PBR of 0 for a secondary harqTreatment values. In such case, other LCHs of higher priority for that harqTreatment value (e.g. possibly representing a numerology/TTI duration) are first served up to their PBR and also get any remaining resources they may use before a LCH mapping to another harqTreatment value gets served in Step 3. In such case, the drawback may be that the UE has to maintain multiple Bj parameters for each harqTreatment value, where each Bj is increased by PBR(harqTreatment value) × BSI(harqTreatment value) for each elapsed BSI in time. The Bj used in Step 1 then depends on the HTI value signalled by the PHY layer for the UL grant.
3 Conclusion
RAN2 should discuss the above and agree to the following:
Proposal 1:
The LCP procedure includes a determination of applicable LCH for a TB for a new transmission using a new parameter harqTreatment, where one or more values configured per LCH indicates if data from the logical channel can be allocated resources of the new transmission.
Proposal 2:
HARQ Information includes a multiplexing indication e.g. the HARQ Treatment Indication (HTI).
Proposal 3:
The LCP procedure uses a new parameter Bucket Size Interval (BSI) configured by RRC that replaces the TTI Duration in the calculation of the increment to the variable Bj.
Proposal 4:
The MAC entity allocates resources for a new transmission to the logical channels with a harqTreatment value set to HTI of the HARQ Information.
Proposal 5:
LCP should process all UL grants of the same harqTreatment value together and consecutively.

Proposal 6:
The processing order of UL grants of the harqTreatment mapping value is up to UE implementation.

A text proposal for the above is found in Appendix A using TS 36.321[4] and draft TS 36.321 v0.0.3 [5] as a baseline.
In addition, the following is also proposed.
Proposal 7:
RRC can configure whether or not a LCH configured with multiple harqTreatment values can contend for resources for a new transmission in LCP Step 1 for a given HTI value.

4 Appendix A – Text Proposal for TS 38.321 based on draft v0.0.3
<Start text proposal, using TS 38.321 v0.0.3 as baseline>
[Unchanged text not included]
3.1
Definitions

[Unchanged text not included]
HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID. For UL-SCH transmissions HARQ information includes HARQ Treatment Indication (HTI) for UEs configured by upper layers with at least one LCH with a non-zero value for harqTreatment, otherwise the value of HTI is set to 0.
[Unchanged text not included]
5.4.3.1
Logical channel prioritization
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel:

-
priority where an increasing priority value indicates a lower priority level;

-
harqTreatment where one or more values indicates if data from the logical channel is can be allocated resources of the new transmission;

-
prioritisedBitRate which sets the Prioritized Bit Rate (PBR);

-
bucketSizeDuration which sets the Bucket Size Duration (BSD);
-
bucketSizeInterval which sets the Bucket Size Interval (BSI).

	[Text using TS 36.321 [4] LCP as baseline]
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, incremented by the product PBR × BSI for each elapsed BSI time unit, where PBR is Prioritized Bit Rate of logical channel j and where BSI is the Bucket Size Interval. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.

The MAC entity shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The MAC entity shall allocate resources to the logical channels with a harqTreatment value set to HTI in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
-
Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied to grants with the same HTI value, either to each grant independently or to the sum of the capacities of the grants. The order in which the grants with the same HTI value are processed is left up to UE implementation.

Editor’s note: It is FFS if the order between grants of different HTI values (e.g. in increasing/decreasing order of HTI values) needs to be specified.


[Unchanged text not included]
5 References

[1] RP-170847, “Work Item on New Radio (NR) Access Technology”, Work Item Description.

[2] 3GPP TR 38.804 V1.0.0, “Study on New Radio Access Technology; Radio Interface Protocol Aspects”.

[3] “RAN2 Chairman’s Notes,” 3GPP TSG RAN WG2 #97bis, Spokane, USA, April 3rd-7th, 2017.
[4] 3GPP TS 36.321 V14.2.0, “Medium Access Control (MAC) protocol specification (Release 14)”.
[5] R2-1704907, “Scheduling and Multiple Numerologies / TTI Durations for NR”, InterDigital Inc.

[6] R2-1704910, “Mapping Between Logical Channels and New Transmissions for NR”, InterDigital Inc.

[7] Draft_38321-003 from [97bis#26], “NR: Medium Access Control (MAC) protocol specification (Release 15)”, v0.0.3.


5/5


LCH1











resource could have been used for higher priority LCHs
LCH2




LCH3


LCH1











LCH2

LCH3

LCH1











LCH2
LCH3

After Steps 1/2
After Step 3
TTI = 1 ms
TTI = 0.5 ms
Priority
PBR (units/ms)
2
1
1
2
4
2







0.5 ms UL grant size = 5 units
Buffer (units)
10
3
2




