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Introduction
The agreements on LCP operation in RAN2#98 meeting are:

Agreements:
1. Logical Channel Priority is configured per MAC entity per logical channel 
2. PBR is not configured per numerology, it is per “logical channel” as in LTE 
3. Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  
4. FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified.  

Agreements for duplication in CA case
1	Duplication on a single carrier will not be supported
2	RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3	Duplicated PDCP PDUs are submitted to two different RLC entities

Agreements:
1. UE shall support segmentation for all services as well as be prepared to segment for every transmission based on the given limits (parameter X in LCP) for both RLC AM and UM.   The value X is not configurable and the exact value is FFS.  
2. As in LTE, temporary negative token in LCP to skip segmentation and maximise transmission of data is adopted for NR as well.   
3. FFS if in LTE the UE could skip segmentation for one LCH when there is other data for transmission for another LCH that does not require segmentation.  This is handled by the UE implementation.   
This document tries to discuss the steps in the LCP operation.
Discussion
How the UL grants are processed if multiple UL grants are received
Three kinds of scenarios should be supported in NR at least. They are eMBB(Enhanced Mobile Broadband), mMTC(Massive Machine Type Communication) and uRLLC(Ultra Reliable & Low Latency Communication). Based on these scenarios, the future services would have different  requirement on time-frequency domain. In order to meet the different requirement, different numerology/TTI duration would exist in the same time. Different numerology has different symbol length, CP length and TTI duration etc, so different numerologies can meet the resources and delay requirement of different services. 
In LTE, it’s up to UE implementation when multiple UL grants are scheduled in one TTI[1]. 
------------------from 36.321-e20 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-e20 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 different numerology. An example is shown in figure 2.1-1. It’s asumed that UE would transmit UL data 4 TTIs after UL grant is received for TTI=1ms, and 3 TTIs for TTI=0.5ms. 
For the first case, the two UL grants scheduled at the same time such as UL grant1 and UL grant2, UL data1 should be transmitted at sf5 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 sf5 for TTI-1. So, the UL grant2 for TTI-2 should be processed first. 
For the other case, the two MAC PDUs should be transmitted at the same time such as UL data1 and UL data3. In order to meet the significant delay requirement of data in TTI-2, it’s also recommended to transmit the UL grant3 earlier than the UL grant1. But the UL grant1 is received much earlier than UL grant3, UL grant1 might be processed before UL grant3. 


Figure 2.1-1
Observation  1: The grant with shorter TTI should be treated first.
Anyway, if the UL data for TTI-1 in figure 2.1-1 is large and much important, network can reconfigure the UL grant for TTI-1 is processed first by setting some kind of priority. So it’s proposed that some kind of priority can be configured for each or some numerology/TTI duration. 
Proposal 1: Some kinds of priority should be configured for each or some numerology/TTI duration.
Is the mapping to carriers needed for the LCHs not related to duplication
For duplication, it’s agreed that RRC would configure the mapping of the 2 duplicate LCHs to different carriers, and these two LCHs can’t be mapped to one carrier. An example is shown in figure 2.2-1. It’s asumed that there are two DRBs. DRB1 is for duplication, and DBR2 is not. LC1 and LC2 are for DRB1, LC3 is for DRB2. According to the agreement, the mapping between LC1, LC2 and carriers should be configured, such as LC1 is mapped to carrier1 and carrier2, LC2 is mapped to carrier3. For the LC3 of DRB2 which is not for duplication, it can be treated as legacy for backward compatibility. So it’s proposed that the mapping to carriers is not needed for the LCHs not related to duplication. 


Figure 2.2-1
Proposal 2: The mapping between carrier and LCH is only needed for the LCHs related to duplication.
How to do the LCP operation in NR
In LTE, there’re three steps in LCP operation[1]. 
------------------from 36.321-e20 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-e20 end---------------
In NR, the mappings of LCHs and carriers exist. It should be decided the involved LCHs in the LCP operation first before LCP operation. Let’s called step 0. Based on the description above, the LCHs without mapping should be processed as legacy. That means in figure 2.2-1, whatever UL grants in carrier1, carrier2, carrier3 and carrier4 are scheduled, LC3 could be processed. For the LCHs with mapping, only the LCHs mapped to the carrier which the received UL grant is corresponded to can be processed. That means in figure 2.2-1, when UL grants in carrier 4 are scheduled, LC1 and LC2 can’t be processed. And when UL grants in carrier1 are scheduled, LC2 can’t be processed. After the available LCHs are selected, LCP operation can be processed. The corresponding TP can be refered to section 4.
Proposal 3: For each transmission opportunity, only the LCHs, which are allowed to be transmitted on the carrier with grant, should be involved in the LCP operation.
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 2.4-1. 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 2.4-1, 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 2.4-1
Proposal 4: For each transmission opportunity, only the LCHs, which are allowed to use the numerology/TTI indicated in the grant, should be involved in the LCP operation.

Proposal 5: UE is not allowed to skip the segmentation for one LCH with high priority when there is other data for transmission for another LCH with low priority that does not require segmentation. If they’re the same priority, it’s up to UE implementation to transmit which one.
Conclusion
As described above, we proposed:
Observation  1: The grant with shorter TTI should be treated first.
Proposal 1: Some kinds of priority should be configured for each or some numerology/TTI duration.
Proposal 2: The mapping between carrier and LCH is only needed for the LCHs related to duplication.
Proposal 3: For each transmission opportunity, only the LCHs, which are allowed to be transmitted on the carrier with grant, should be involved in the LCP operation.
Proposal 4: For each transmission opportunity, only the LCHs, which are allowed to use the numerology/TTI indicated in the grant, should be involved in the LCP operation.
Proposal 5: UE is not allowed to skip the segmentation for one LCH with high priority when there is other data for transmission for another LCH with low priority that does not require segmentation. If they’re the same priority, it’s up to UE implementation to transmit which one.
TP for LCP
[bookmark: _Toc477940908]
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). For NB-IoT, prioritisedBitRate, bucketSizeDuration and the corresponding steps of the Logical Channel Prioritisation procedure (i.e., Step 1 and Step 2 below) are not applicable.

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 × 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 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 0: determine the available 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: All the available logical channels determined in step 0 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 available 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.
-	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 should maximise the transmission of data.
-	if the MAC entity is given an UL grant size that is equal to or larger than 4 bytes while having data available for transmission, the MAC entity 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);
-	for transmissions on serving cells operating according to Frame Structure Type 3, the MAC entity shall only consider logical channels for which laa-Allowed has been configured.          
The MAC entity 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]).

If the MAC PDU includes only the MAC CE for padding BSR or periodic BSR with zero MAC SDUs and there is no aperiodic CSI requested for this TTI [2], 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; or
- 	in case the MAC entity is configured with skipUplinkTxSPS and the grant indicated to the HARQ entity is a configured uplink grant;
For the Logical Channel Prioritization procedure, the MAC entity 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 DPR;
-	MAC control element for SPS confirmation;
-	MAC control element for BSR, with exception of BSR included for padding;
-	MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;
-	MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC control element for Recommended bit rate query;
-	MAC control element for BSR included for padding;
-	MAC control element for Sidelink BSR included for padding.
NOTE:	When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, 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 should be transmitted according to the configured priority. If the priority is not configured , MAC PDUs for significant delay requirement 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 TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, grants should be processed according to the configured priority. If the priority is not configured, grants for significant delay requirement should be processed first. it is up to UE implementation in which order the grants are processed.
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