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1 Introduction
During RAN2#61bis, the requirements for the logical channel prioritization were discussed, and it was decided that the specification of the logical channel prioritization shall
-
R1: allow an “infinite PBR”  and zero per RB.
-
R2: have an explicit clear requirement in the specification that prevents excessive segmentation and that results in testable behaviour. 

-
R3: have an explicit clear requirement that if there is data available, the UE shall not include padding.

In addition it was decided that the remaining resources are served to the logical channels in strict decreasing priority order (regardless of whether or not a PBR is already fulfilled for the logical channel) (R4)
Otherwise the logical channel prioritization should take a “guideline approach” with respect to the UE providing at least the PBR to a RB over a period of time. 
This document summarizes the email discussion on text proposals based on the requirements above.
2 Discussion
During the discussion it was proposed to analyze each requirement individually.
Requirement R1: allow an “infinite PBR”  and zero per RB.
It was concluded that this can be achieved by including infinite and zero values in the RRC, and by performing the first round of logical channel prioritization procedure up to the configured PBR.

The need for having a special treatment for the case when all PBRs are set to zero was discussed. Ericsson and NSN expressed a view that if the LCH prioritization procedure is correctly specified in the MAC there should not be a need for a special treatment of the case when all PBRs are set to zero. Qualcomm also commented that since 0 and infinity can be used for individual RB’s independently, we need to make sure all the combinations will give correct behavior (e.g., mixing of 0’s and infinity for different RB’s at different priorities).
Proposed conclusion: 
1) there is no need to have special text handling the case all PBRs are set to zero in the MAC 

2) The LCH prioritization text is written in such a way that either all zero or all infinite values result in absolute priority 

3) we remove the note describing all zeroes from the 36.300

Requirement R2: have an explicit clear requirement in the specification that prevents excessive segmentation and that results in testable behaviour. 
It was commented that one way to achieve this could be to set a minimum RLC PDU size. However, this approach could increase the UE complexity. It may also not be always possible that the PDU segments are larger than the minimum size.

During the discussion some companies supported the minimum PDU size, while several companies expressed concern on if the minimum RLC PDU size would always apply. In addition it was pointed out that the minimum RLC PDU size does not address the header overhead issue when multiplexing data from several logical channels.

Alternative solutions were proposed identified:

1) Requiring that the UE maximises the amount of data from a single bearer when filling a transport block should remove the logical channel header overhead inefficiency, but there could be concerns with the time period over which the PBR is met. 
2) Requiring that a UE should not segment an SDU (or for that matter a residual segment of a partially transmitted SDU or a retransmitted PDU) unless it enables the completion of a transport block, should prevent unwanted segmentation at the RLC level but would not necessarily avoid inefficient logical channel multiplexing. 
3) A third possibility could be to place a strict restriction on segmentation at the RLC level and allow a softer control regarding logical channel multiplexing e.g. the UE should concatenate SDUs from single logical channels to minimise header overhead.
Conclusion: Discuss possible solutions in the meeting
Requirement R3: have an explicit clear requirement that if there is data available, the UE shall not include padding.
It was commented that for this requirement it might be sufficient to say that “If the amount of data available for transmission is larger than the allocated grant, the UE shall not include padding.” However, this requirement cannot apply always, for example when the remaining resource is smaller than the required RLC header size. One company also commented that they would prefer to relax the rule if only limited data are available, proposing that “if the space left after taking into account of MAC and RLC headers is only x bytes, the UE is not required to include further data”.
It was proposed that we could 

1) exclude the RLC and MAC header sizes explicitly with e.g. "if the amount of data available for transmission of user plane data is larger than the allocated grant, the UE shall not include padding. If the amount of data is not sufficient for L2 headers (RLC, MAC), the UE shall pad."
2) Simply exclude the “minimum segment size” in which case the headers (and possibly also other data) would be excluded implicitly

Samsung and Huawei expressed support for excluding the headers explicitly, while NSN expressed a view that this requirement might be merged with requirement 2.

Conclusion: Discuss the alternatives in the meeting
Requirement R4: remaining resources are served to the logical channels in strict decreasing priority order (regardless of whether or not a PBR is already fulfilled for the logical channel)

One company commented that this should be automatically fulfilled based on current procedures.

Conclusion: Should be fulfilled by all text proposals.
In addition the guidelines for PBR enforcement were discussed

In general it was understood that a guideline similar to the Stage 2 description would be sufficient (and some companies expressed a view that the guideline could be even further simplified). However, the need to specify the time period was not clear. One company expressed a view that it would be preferable to avoid specifying the time period over which the averaging is done, while several companies expressed a view that that it required to quantify the the time period. One constrain the time period is that the delay requirements associate to the RB need to be fulfilled. 
Conclusion: Agree that a time period during which the PBR is enforced is specified. 
3 Text proposals

During the discussion, three text proposals were made. The proposals are listed in the following sections, together with any comments received during the discussion.
3.1 Proposal 1 (Qualcomm)
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.
RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:
-
The UE shall serve the logical channels in the following sequence:
-  
All the logical channels are served in a decreasing priority order up to a value such that on average, the served data does not exceed the configured PBR for the radio bearer. If the PBR of a radio bearer is set to “infinity”, the UE shall serve all the data that is available for transmission on the radio bearer before serving the next radio bearer(s);

-
if any resources remain, all the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the UL grant is exhausted, whichever comes first. In this case, the served data from a logical channel, on average, may exceed the configured PBR for the logical channel.
-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU if the whole SDU 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 even though the served data for this logical channel may exceed the configured PBR.
-
the UE shall serve as much data as it can to fill the grant in general. However, if the remaining resources require the UE to segment an RLC SDU with size smaller than x bytes (value of x is TBD), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and sending the segment.
Logical channels configured with the same priority shall be served equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
3.1.1 Received comments

1. It was commented that ”a new transmission” in “The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:” is misleading. Would be better to state that “UE shall perform LCP at each transmission.” However, a view that the current wording is according to the intent of the MAC specification was also expressed.
2. With the text proposal, it is possible that a RB could be served with lower resource than PBR. 
2a. It was commented that the resource allocated to a RB on average should be higher than PBR, which means that PBR is a minimum value. It was further proposed that for the LCP sequence, the current stage 2 text is sufficient.

2b. It was commented that served data should equal the PBR or the amount of data available. 

3. It was commented that the explanation of “Infinity” is not needed. However a view was also expressed that the explanation of the “infinity” is beneficial for correct handling of “infinite”.
4. It was commented that it would be preferable to include the padding only if the space left cannot be used to transmit any payload data.

5. It was commented that it should be indicated that the PBR is not required to be met in each TTI, there is some flexibility allowed. 

6. It was commented that we should include a statement regarding the time in which the UE should meet the PBR requirement. Maybe one could say that this is flexible but there should be a minimum consistent with conforming to requirements that are intended to ensure transmission efficiency. 

7. It was commented that the UE should not segment residual parts of SDUs and retransmitted PDUs as well as SDUs.

3.2 Proposal 2 (NSN)

This proposal addressed comments 4-7 in the Proposal 1.
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmissions are performed.
RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).
The UE shall perform the following Logical Channel Prioritization procedure when a new transmissions are performed, the prioritisation procedure can be implemented across more than one transmission when this aids transmission efficeincy:
-
The UE shall allocate resources to the logical channels in the following sequence:
-  
All the logical channels with non-zero PBR are allocated resources in a decreasing priority order up to   their configured PBR or the available data if this is less for the radio bearer. 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);

-
if any resources remain, all the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the UL grant is exhausted, whichever comes first. In this case, the served data from a logical channel, on average, may exceed the configured PBR for the logical channel.
-
In order to enable efficient use of the UL grant the UE is permitted to meet the PBR requirement over periods that are greater than a TTI. The time period is flexible but should be a minimum consistent with conforming to the following requirements.
-
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 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 even though the served data for this logical channel may exceed the configured PBR.
-
the UE shall serve as much data as it can to fill the grant in general. However, if the remaining resources require the UE to segment an RLC SDU with size smaller than x bytes (value of x is TBD), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and sending the segment.
Logical channels configured with the same priority shall be allocated resources equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
3.2.1 Received comments

1. It was commented that “the prioritization procedure can be implemented across more than one transmission” makes the whole procedure very vague. 
3.3 Proposal 3 (Huawei)

This proposal addresses the comment made on the Proposal 2.
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.
RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:
-
The UE shall serve the logical channels in the following sequence:
-  
First: logical channels are served in a decreasing priority order to a value such that on average, the served data-rate for Radio Bearers that have data for transmission equals the configured PBR for the radio bearer. If the PBR of a radio bearer is set to “infinity”, the UE shall serve all the data that is available for transmission on the radio bearer before serving the next radio bearer(s); 
-
Second: if any resources remain, all the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the UL grant is exhausted, whichever comes first. In this case, the served data from a logical channel, on average, may exceed the configured PBR for the logical channel.
-
The UE shall also follow the rules below during the scheduling procedures above:

- 
In the First round, the UE do not need to serve all logical channels (with non-zero PBR) at every new transmission. Instead the UE shall try to achieve the objectives stated below. 

- 
In the first round, to the extent possible within the limits of the given grant, the UE shall serve all logical channels (with non-zero PBR), for which data has been buffered > max buffering time. 
- 
the UE should not segment an RLC SDU if the whole SDU 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 shall serve as much data as it can to fill the grant in general. However, if the remaining resources require the UE to segment an RLC SDU with size smaller than x bytes (value of x is TBD), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and sending the segment.
Logical channels configured with the same priority shall be served equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
3.3.1 Received comments

1. It was commented that specifying all requirements for the UE to satisfy both the PBRs and the delay bound simultaneously may lead to conflicts in the UE. 
3.4 Proposal 4 (Infineon)

5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure shall be applied when a new transmission is performed.

The eNB controls the scheduling of uplink data by indicating for each logical channel a priority, where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR) and a maximal buffering time. 
The Logical Channel Prioritization procedure ensures that the UE serves the logical channels according to the configuration for each logical channel. The UE shall ensure, that averaged over the time-period X, all logical channels are served in a decreasing priority order up to their configured PBR. If within the averaging period the UE gets more UL resources granted, then the sum of the PBRs associated to the establish logical channels, on these exceeding UL resources all logical channels with pending UL data shall be served in decreasing priority order within the averaging period.
If the PBR of a logical channel is set to “infinity”, the UE shall serve all the data that is available for transmission on the logical channel before serving the logical channel(s) with higher priority values. If more then one logical channel has an associated PBR set to “infinity”, the logical channels shall be served in a decreasing priority order within the averaging period.

The UE should serve the logical channel(s) in such a manner, that the Header overhead is minimized. In order to achive this the UE should:

-
accumulate SDUs within one logical channel up to the configured maximal buffering time; 

-
try to avoid the segmentation of SDUs (or partially transmitted SDU or retransmitted RLC PDU) or at least try to minimize the amount of segments;

-
fill the granted UL TB as much as possible with pending UL data; the last remaining resources should be filled with a RLC SDU segment which should at least consist of N octets, otherwise the UE may use padding or include a “Padding BSR” (se subclause 5.4.5). 


Logical channels configured with the same priority shall be served equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
3.4.1 Received comments

1. It was commented that if time period is mentioned, it needs to be specified in more detail. In this case some companies would prefer specifying something along the line of token bucket instead.
2. It was commented that requirement on filling the grant and avoiding segmentation are specified as "should", but that intention is to specify normative behaviour for the UE fulfilling requirements R1-4. Thus we have to use "UE shall".

4 Conclusion

During the discussion the requirements were analyzed and three text proposals were presented. In order to ensure progress, it is proposed that Text Proposal 1 is adopted as the baseline text with following modifications:

1. to address comments 2a and 2b, it is proposed to modify the proposal to capture that the served data should equal the PBR or the amount of data available
2. the proposal is modified so that the decision to exclude padding only for L2 headers or for minimum segment size is FFS 

3. it is clarified that the UE should not segment residual parts of SDUs and retransmitted PDUs as well as SDUs
4. minor editorial clean-ups proposed in Text Proposals 2 and 3 have been included.

The proposed base line text is captured in Appendix 1.
In addition it is proposed to agree that a time period during which the PBR is enforced is specified, but the exact formulation is FFS.
Finally it is also proposed to agree that the base line text proposal captures the special case when all PBRs are set to zero in the MAC without explicit exception.

5 Appendix 1
5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.
RRC can control the scheduling of uplink data by giving each logical channel a priority where increasing priority values indicate lower priority levels. In addition, each logical channel is given a Prioritized Bit Rate (PBR).
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 sequence:
-  
All the logical channels are allocated resources in a decreasing priority order up to a value such that on average, the served data rate for radio bearers that have data for transmission equals the configured PBR for the radio bearer. 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);

-
if any resources remain, all the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the UL grant is exhausted, whichever comes first. 

-
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 even though the served data for this logical channel may exceed the configured PBR.
-
the UE shall serve as much data as it can to fill the grant in general. However, if the remaining resources require the UE to segment an RLC SDU with size smaller than x bytes or smaller than the L2 header size (FFS), the UE may use padding to fill the remaining resources instead of segmenting the RLC SDU and sending the segment.
Logical channels configured with the same priority shall be served equally by the UE.

MAC control elements for BSR, with exception of Padding BSR, have higher priority than U-plane Logical Channels.

At serving cell change, the first UL-DCCH MAC SDU to be transmitted in the new cell has higher priority than MAC control elements for BSR.
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