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1 Introduction

This contribution discusses the ambiguity regarding PBR in the current specification and how to handle PBR in 3C. 
2 Discussion
36.321 specify PBR a bit ambiguously so that it can be considered either per logical channel parameter/operation or per radio bearer parameter/operation.
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indicating PBR is per logical channel

indicating PBR is per radio bearer


It does not matter for the legacy architecture and 1A architecture where one radio bearer maps with one (UL) logical channel. It matters in 3C architecture where one radio bearer may map with two logical channels. Considering that PBR is the parameter for logical channel prioritization and the logical channel is the basis for the operation, it seems more appropriate to define PBR as per-logical channel parameter. It is also aligned with RRC specification where prioritisedBitRate and bucketSizeDuration are signalled as part of LogicalChannelConfig. 

Proposal 1: To agree that PBR is logical channel specific parameter/operation.
Provided PRB operation is per logical channel, additional PBR parameters should be signalled to the newly established logical channel of 3C bearer. Then the first question would be the relationship between the new PBR parameters and the existing PBR parameters.
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Fig 1

In the example above, if new PBR parameter is signalled for logical channel k and if the PBR parameter for logical channel j is not signalled, straightforward interpretation would be that the existing PBR configuration is applied to logical channel j as they are and that the new PBR configuration is applied to the logical channel k (i.e. PBR for the corresponding radio bearer is doubled). Even though in specification point of view PBR should be per logical channel, PBR is the mean to guarantee certain bit rate to the meaningful data stream (which is generally corresponding to a radio bearer). Hence it wouldn’t be very aligned with the original intention of the PBR. Table 1 lists possible approaches.

<Table 1>
	Radio Bearer J is reconfigured from normal bearer (mapped with logical channel j) to 3C bearer  (mapped with logical channel j and k)

	
	PBR parameters signalled upon bearer reconfiguration to 3C
	PBR of logical channel j (MCG LCH)
	PBR of logical channel k (SCG LCH)

	Approach 0: baseline
	PBR parameter of LCH k
	Kept as they are (as the current PBR configuration)
	PBR is configured according to the newly signalled PBR parameter 

	Approach 1
	PBR parameter of LCH k +  updated PBR parameter of LCH j 
	PBR is reconfigured according to the updated PBR parameter 
	PBR is configured according to the newly signalled PBR parameter

	Approach 2
	No PBR parameter
	PBR is applied to only one LCH according to the PBR configuration of LCH j. If UL bearer split is decided to be not allowed, the LCH belonging to the Cell Group configured for new PDCP PDU transmission would be the LCH for PBR enforcement.

	Approach 3
	PBR parameter of LCH k is optionally signalled 
	If PBR parameter of LCH k is signalled, PBR is enforced to LCH k and PBR is not enforced to LCH j. If PBR parameter of LCH k is not signalled, PBR is enforced to LCH j according to the PBR parameter of LCH j

	Approach 4
	PBR parameter of LCH k is optionally signalled
	If PBR parameter of LCH k is signalled, PBR of LCH j is adjusted by e.g. subtracting PBRk from PBRj.


Approach 0 and 1 could be realized in the current signalling structure with least UE impact. Approach 2, 3 and 4 would require new UE behaviour and additional consideration on the signalling (i.e. PBR parameter is mandatory present in LogicalChannelConfig in the current specification).
Approach 0 and 1 would simply mean that UE just applies the current PBR operation for each logical channel. In our view, it would be sufficient for the current specification. The network concerned with the double PBR enforcement would apply approach 1 and the network having no concern would apply approach 0.

Proposal 2: Configuring correct PBR parameter for each logical channel of 3C bearer is ENB’s responsibility

Proposal 3: SeNB determines and signals prioritisedBitRate and bucketSizeDuration for the logical channel configured for SeNB

One small issue remaining would be how to specify UE behaviour when PBR parameter is updated (e.g. if ENB signals new PBR parameters for both logical channels in approach 1). Since PBR parameter is signalled as MAC configuration parameter, it should be treated as MAC reconfiguration. Section 5.8 of MAC specification specifies that MAC apply immediately the configuration received from upper layers. Due to the reconfigured PBR parameter, the current Bj could exceed the new bucket size. Desirable UE behaviour would be to adjust Bj according to the new bucket size or give the exceeding to the other logical channel. Provided it happens rarely, such details could be left to UE implementation.  

Proposal 4: Details on Bj handling during reconfiguration is left to UE implementation

3 Conclusion
Followings are proposed.
Proposal 1: To agree that PBR is logical channel specific parameter/operation.

Proposal 2: Configuring correct PBR parameter for each logical channel of 3C bearer is ENB’s responsibility

Proposal 3: SeNB determines and signals prioritisedBitRate and bucketSizeDuration for the logical channel configured for SeNB

Proposal 4: Details on Bj handling during reconfiguration is left to UE implementation

Text proposal to 36.321 is presented in the next section. Note that TP is just for information to evaluate the expected changes.
4 TP for proposal 1(no TP is needed for other proposals) 
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when 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, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

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. 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 UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The UE shall allocate resources to the logical channels 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 UE shall allocate resources for all the data that is available for transmission on the corresponding radio bearer before meeting the PBR of the lower priority logical channel(s);

-
Step 2: the UE 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.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible;

-
the UE should maximise the transmission of data.

-
if the UE is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the UE shall not transmit only padding BSR and/or padding (unless the UL grant size is less than 7 bytes and an AMD PDU segment needs to be transmitted).

The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:
-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR or Extended PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.

NOTE:
When the UE is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when UE is requested to transmit multiple MAC PDUs in one TTI.
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