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Introduction
The agreements on LCP operation in RAN2#NR ADHOC-2 meeting are:

Agreements:
1.	At least numerology and TTI length are included/taken into account for restriction for LCP.  
FFS if any other parameters need to be considered for LCP
FFS how LCP is modelled
FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC

This document tries to discuss the FFS issues in the LCP operation such as LCP operation and the processing of multiple UL grants etc.
Discussion
How to process the LCP operation in NR
In LTE, there’re three steps in LCP operation[1]. 
------------------from 36.321-e30 begin---------------
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 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.
------------------from 36.321-e30 end---------------
In NR, the mappings between LCHs and carriers, between LCH and numerology/TTI exist. It should be decided the involved LCHs in the LCP operation first before LCP operation. Let’s called step 0. Based on the common understanding, the LCHs without mapping should be processed as legacy. That means in figure 2.1-1, whatever UL grants in carrier1, carrier2, carrier3 and carrier4 are scheduled, LC3 could be processed. For the LCHs with mapping between LCHs and carriers, only the LCHs mapped to the carrier which the received UL grant is corresponded to can be processed. That means in figure 2.1-1, when UL grants in carrier 4 are scheduled, the available LCHs are LC3, LC1 and LC2 can’t be processed. And when UL grants in carrier1 are scheduled, the available LCHs are LC1 and LC3, LC2 can’t be processed. For the LCHs with mapping between LCH and numerology/TTI, only the LCHs mapped to the numerology/TTI which the received UL grant is corresponded to can be processed. That means in figure 2.1-1, LC1 is mapped to N1, LC2 is mapped to N1 and N2, LC3 is mapped to N2. When UL grants in N1 is scheduled, the available LCHs are LC1 and LC2, LC3 can’t be processed. After the available LCHs are selected, LCP operation can be processed. An example of the modification in the specification is shown in ANNEX based on [3].


Figure 2.1-1
Proposal 1: For each transmission opportunity, only the LCHs, which are allowed to be transmitted with the received grant, should be involved in the LCP operation.
Proposal 2: To determine the LCHs which can be transmitted with the received grant, the following configuration should be considered
· The mapping between LCH and carriers for the purpose of duplication
· The mapping between LCH and numerology/TTI. 
How the UL grants are processed if multiple UL grants are received
This issue can be discussed from two points of view. One is from the time point of view, the other is the scheduled point of view. 
From the time point of view, it’s up to UE implementation when multiple UL grants are scheduled in one TTI [1] in LTE. 
------------------from 36.321-e30 begin---------------
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 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 MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.
------------------from 36.321-e30 end---------------
In NR, if multiple UL grants are scheduled or the MAC entity is requested to transmit multiple MAC PDUs at the same time, the multiple UL grants may be mapped to different numerology. 
It’s asumed that UE would transmit UL data 3 TTIs after UL grant is received for TTI=1ms and TTI=0.5ms. And subframe is used for unit of time in these examples. 
One example is shown in figure 2.2-1. In this example, two UL grants scheduled at the same time such as UL grant1 and UL grant2. UL data1 should be transmitted at sf4 for TTI=1ms, and UL data2 at sf4 for TTI=0.5ms. It’s obvious that, the time of sf4 for TTI-2 would be much earlier than sf4 for TTI-1. So, the UL grant2 for TTI-2 should be processed first. 

 
Figure 2.2-1
Observation 1: The grant for the time sensitive services should be processed first.
Proposal 3:  In case multiple grants are received simultaneously, the grant for the time sensitive services should be processed first
How to solve the remain part of MAC PDUs
The scheduled UL grant is numerology/TTI duration specific. And the LCHs can be mapped to one or more numerology/TTI duration. An example is in figure 2.3-1. LC1 is mapped to numerology-1 and numerology-2. LC2 is mapped to numerology-1 and LC3 is mapped to numerology-2. When UL grant for numerology-1 is scheduled, the available LCHs should be LC1 and LC2. After all of the data of LC1 and LC2 are put into the grant, could data in LC3 can be put in the remain resources? 
The answer is YES for the sake of saving. However, there are something wrong we should consider. Let’s assume that numerology-1 is for TTI=1ms, numerology-2 is for TTI= 0.1ms. In case the grant of 1ms TTI is received in slot 0, include the data of LC 3 in the grant of 1ms TTI may still delay the transmission of LC 3 (in case 0.1 ms grant is received in slot 2). 
Moreover, for retransmission point, it may lead to uncontrolled latency when data block 3 in LC3 is transmitted in UL grant of numerology-1. For example, there still be remain resources in UL grants for numerology-1 after all of the data in LC1 and LC2 are put into. If we place part of data block 3 from LC3 into the remain resources in above UL grant and  then the rest  of data block3 are put into the UL grant for numerology-2. For sake of different RTT between numerology-1 and numerology-2, it would lead to considerable delay. In conclusion, it’s not proposed to transmit the data in LC3 in the UL grant of numerology-1.  
In the same example in figure 2.3-1, if the UL grant for numerology-1 is less than data block1 in LC1, and is equal to data block2 in LC2. Which one should be transmitted first? According to the priority rule, data blcok 1 in LC1 should be processed first. But it should be segmented. Anyway, it can not be guaranteed that it should not be segmented next time. So it’s proposed to meet the priority first. If they’re the same priority, it’s up to UE implementation to transmit which one.


Figure 2.3-1
Proposal 4: In the LCP operation, UE is not allowed to skip the segmentation for one LCH which has higher priority.
Conclusion
As described above, we proposed:
Proposal 1: For each transmission opportunity, only the LCHs, which are allowed to be transmitted with the received grant, should be involved in the LCP operation.
Proposal 2: To determine the LCHs which can be transmitted with the received grant, the following configuration should be considered
· The mapping between LCH and carriers for the purpose of duplication
· The mapping between LCH and numerology/TTI. 
Observation 1: The grant for the time sensitive services should be processed first.
Proposal 3:  In case multiple grants are received simultaneously, the grant for the time sensitive services should be processed first
Proposal 4: In the LCP operation, UE is not allowed to skip the segmentation for one LCH which has higher priority.
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ANNEX: example for LCP
[bookmark: _Toc477940908]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 per MAC entity:
-	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 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, and incremented by the product PBR × NR-UNIT for each NR-UNIT, 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. It is up to UE implementation when to update Bj.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels in the following steps:
      -    step 0: determine the relevant logical channels, which should be involved in the LCP operation, as following:
-- logical channels which are allowed to be transmitted on granted carrier with granted numerology/TTI.
-	Step 1: Relevant logical channels determined in step 0 for the UL grant 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);
Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant'.
-	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 relevant logical channels determined in step 0 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.
Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology/TTI, packet duplication, transmission profile, etc.).

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 of the associated MAC entity;
-	if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant of the associated MAC entity as much as possible;
-    the UE is not allowed to skip the segmentation for one LCH which has higher priority.
-	the UE should maximise the transmission of data;
-	if the MAC entity is given an UL grant size that is equal to or larger than [X] bytes while having data available for transmission, the MAC entity shall not transmit only padding BSR and/or padding.
Editor's note: The 4th rule above can be checked further. The fixed value X should also be determined by RAN2.
If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs, the MAC entity shall not generate a MAC PDU for the HARQ entity in the following cases:
-	in case the MAC entity is configured with skipUplinkTxDynamic and the grant indicated to the HARQ entity was addressed to a C-RNTI.
Editor's note:  The term C-RNTI is tentatively used to capture the agreement. Can be changed later.
Editor's note: The condition 'If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs' comes from LTE, and can be discussed later. Also aperiodic CSI condition from LTE is missing.
Logical channels shall be prioritised in accordance with the following order (highest priority listed first):
-	…
Editor's note: The detailed priority order (e.g. CCCH/C-RNTI MAC CE -> BSR MAC CE -> PHR MAC CE, …) is not discussed yet, so leave it empty for the time being. Will be filled out later.
Editor's note: The name of RRC parameters priority, prioritisedBitRate, bucketSizeDuration, and skipUplinkTxDynamic are tentatively used to capture the agreement, but can be changed later.




NOTE:	When the MAC entity is requested to transmit multiple MAC PDUs in one NR-UNITTTI, steps 0 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. MAC PDUs for the time sensitive services should be transmitted first.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 MAC entity is requested to transmit multiple MAC PDUs in one NR-UNITTTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, grants for the time sensitive services should be processed first. it is up to UE implementation in which order the grants are processed.





1

image2.emf
sf1 sf2 sf3 sf4

1 2 3 4 5 6 7 8

TTI-1=1ms

TTI-2=0.5ms

Receive 

UL grant1

Send UL 

data1

Receive 

UL grant2

Send UL 

data2

sf


oleObject2.bin
sf1


sf2


sf3


sf4


1


2


3


4


5


6


7


8



image3.emf
LC1

LC3

1

LC2

1

2

3

2

?

?

UL grant 

–

Numerology-1

UL grant 

–

Numerology-1

Could data block 3 can be put in?

LC1 can be mapped to numerology-1 

and numerology-2, priority is 1.

LC2 can be mapped to numerology-1, 

priority is 3.

LC3 can be mapped to numerology-2, 

priority is 2.

All of data block2 or part of data block1 can 

be put in?


oleObject3.bin

image1.emf
PDCP1

RLC1

MAC

RLC2

carrier1 carrier2 carrier3

LC1 LC2

PDCP3

RLC3

carrier4

LC3

DRB1---for duplication DRB2

LCH is mapped 

to carrier(s)


oleObject1.bin

