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1   Introduction
In order to finalize the design of LCP operation in NR, at the RAN2#99-Bis meeting in Prague it was agreed to launch an e-mail discussion ([99bis#40]) with a view to addressing any open issues to do with LCP. We have provided our answers to the comprehensive list of identified issues; however, at the time of the submission of the present tdoc, no TP has yet been proposed by the rapporteur based on the email discussion. Additionally, the issue of calculation and updating of Bj was not addressed in either of [99bis#40] (LCP) and [99bis#42] (NR-UNIT replacement). In this tdoc we therefore provide (in the Appendix) a TP for TS 38.321 (latest approved version of the running TS) to be considered by RAN2. Many of the changes should be fairly straightforward to approve as they represent the majority view (based on responses submitted to [99bis#40]); in the next two sections we highlight the key changes our TP introduces.
2   Focus on calculation and updating of Bj values in NR
As already mentioned, in order to finalize the design of LCP operation in NR, the e-mail discussion [99bis#40] was launched. However, this discussion has explicitly opted NOT to cover the issue of the time unit to be used for incrementing Bj values of individual LCHs: “we assume that the issue of the time unit to use for incrementing Bj is to be handled under ‘[99bis#42][NR UP/MAC] – NR Unit replacement’“. Unfortunately, the e-mail discussion [99bis#42] did not cover this issue, assuming it will instead be covered in [99bis#40]. Therefore we are left with an unaddressed issue which this section tackles.
2.1   Background and existing agreements

Please note that an agreement is already in place (from RAN2#98 in Hangzhou) which states that “it is up to UE implementation to ensure that Bj is updated at the right time.” In other words, when the Bj is updated is left to the UE implementation – this is what this RAN2 agreements on LCP in NR confirms, and this is how it is done in LTE as well.

However, we do specify certain things related to Bj calculation, in both LTE and NR – this is from latest version of running TS 38.321: “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.”

Therefore our understanding is that we do need to propose a replacement for both appearances of ‘NR-UNIT’ above (previously – in LTE – this was all ‘TTI’). In other words, NOT everything is left to UE implementation – we need to specify: 
1) the value of incremental increase in Bj (determined by the ‘yellow’ NR-UNIT), and 
2) the time interval over which this increase happens (the ‘green’ NR-UNIT). 
Observation 1. While it has been agreed by RAN2 that “it is up to UE implementation to ensure that Bj is updated at the right time”, the most recent endorsed version of TS 38.321 does imply that the above two items 1) and 2) do need to be agreed through normative work.

2.2   Potential issues

In Figure 1 we identify three possible scenarios with respect to when the transmissions begin and end on different LCHs. The blue (leftmost) scenario corresponds to the case where data from two different LCHs are sent on the same grant – this corresponds to the LTE case. However, in NR we have (at least) two new scenarios:

· The “green” one, corresponding to the case of multiple simultaneous grants, where data transmission is (or could be) initiated at the same time, but the duration of the transmission is different; and

· The “purple” one, corresponding to the case where data from the two logical channels are sent consecutively, either because (as in LTE) they belong to two consecutive grants (but the symbol duration and therefore slot duration may be different in NR case since the two transmissions may be happening on different BWPs) or because they belong to multiple grants but since treatment of multiple grants is left to UE implementation, no alignment of transmission start and/or end times is mandated.

In reality, we need to assume the existence of an underlying clock which determines when the Bj is updated (example shown in Figure 1) – this is left to UE implementation, as agreed. However, we need to specify the value of incremental increase in Bj and the time interval over which this increase happens.
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Figure 1

We have two options for NR: 

A) agree to leave this (items 1 and 2) to UE implementation as well;

B) specify it in such a way which makes it applicable across different LCHs.

Observation 2. If we decide to agree to leave the entire process of updating and maintaining the Bj variables to UE implementation, we choose the simpler option but cannot guarantee any fairness and regularity in Bj increase across different LCHs.

Observation 3. If we decide to specify the value of incremental increase in Bj and the time interval over which this increase happens, we will need to agree on the suitable values for the two ‘NR-UNIT’ placeholders which are easy to implement and guarantee some fairness and regularity in Bj increase across different LCHs.

Proposal 1. RAN2 to discuss and decide between the two options captured in the Observations 2 and 3 respectively.

Should we go for approach in Observation 3, here are some possibilities (non-exhaustive) for replacing the “yellow” NR-UNIT:

i. Use units dependent on the numerology – examples:
a. Replace NR-UNIT with e.g. symbol duration or slot duration (or PUSCH transmission duration) which will depend on the SCS used for a LCH and will therefore be LCH-dependent

b. Replace both NR-UNITs with the duration of the shortest slot across all LCHs, making it (semi) constant and not varying from LCH to LCH

ii. Use absolute time values

a. Use Tc (NR counterpart of LTE’s Ts) – or a reasonable multiple of Tc

b. Use e.g. subframe

With regards to the “green” NR-UNIT, there are – broadly speaking – two possible approaches:

i. Make it event-driven e.g. increment Bj for every PUSCH transmission occasion of logical channel j; or e.g. increment Bj for every actual PUSCH transmission of logical channel j
ii. Link it to “yellow” NR-UNIT by making it fixed (either in relative or absolute time)

We strongly believe that it is necessary – as in LTE – to update the Bj periodically and continuously (adding tokens into the bucket). We additionally think that this should not be LCH-specific – tokens should be added for all LCHs at the same rate, regardless of how often and with what transmission parameters individual logical channels get scheduled. We already have LCH-specific parameters (priority, PBR, BSD) which allow prioritization among LCHs; if we then started adding tokens at LCH-specific rates, this may skew the priority ordering and make the resulting priority a complex function of RRC-configured priority and the Bj updating mechanism.
Therefore – and referring now to possibilities for replacing the “yellow” NR-UNIT listed above – we prefer to go for (ii), or (i.b). With regards to replacing the “green” NR-UNIT (i.e. how often the tokens are added), we think that tokens should be added at regular time intervals, i.e. option (ii). While option (i – event driven) may seem more sensible since in that case we would link the frequency of token addition to either transmission opportunities or actual transmissions of individual channels, as already explained in the previous paragraph tokens in our view should be added at the same frequency for all the channels.
Since we have one meeting to finalize this issue, the simplest option is using an absolute time reference. We therefore propose:
Proposal 2. If option from Observation 3 is agreed, we further propose that the relevant sentence is modified to read:

“Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT subframe duration for each NR-UNIT subframe, where PBR is Prioritized Bit Rate of logical channel j.”

3   Summary of TP highlights
The existing text in the latest endorsed version of the TS only lists (LTE) parameters but does not mention the restrictions agreed by RAN2 to be configured for logical channels in order to ensure a match between data requirements and UL grant “type”. Therefore we have added a paragraph which introduces these restrictions as an enhanced (compared to LTE) configuration of logical channels.

We then treated the issue of Bj updating (as this issue was not given the full treatment in either of the LCP or NR-UNIT email discussions). We dealt with some further issues to do with replacing the NR-UNIT placeholders, before moving on to the Selection of logical channels. There we captured the most recent agreements, assuming Option 1b initially introduced in our Prague submission [1] and used in [99bis#40]. We then additionally updated the value of “X” and provided the prioritization of logical channels (the latter is based exclusively on LTE operation while removing elements not applicable to NR).
4   Conclusions
In this tdoc we have explained the rationale behind some of our decisions when preparing the TP. On the unanswered topic of Bj calculation, we made following observations:

Observation 1. While it has been agreed by RAN2 that “it is up to UE implementation to ensure that Bj is updated at the right time”, the most recent endorsed version of TS 38.321 does imply that the above two items 1) [the value of incremental increase in Bj] and 2) [the time interval over which this increase happens] do need to be agreed through normative work.

Observation 2. If we decide to agree to leave the entire process of updating and maintaining the Bj variables to UE implementation, we choose the simpler option but cannot guarantee any fairness and regularity in Bj increase across different LCHs.

Observation 3. If we decide to specify the value of incremental increase in Bj and the time interval over which this increase happens, we will need to agree on the suitable values for the two ‘NR-UNIT’ placeholders which are easy to implement and guarantee some fairness and regularity in Bj increase across different LCHs.

We then made the following proposals:

Proposal 1. RAN2 to discuss and decide between the two options captured in the Observations 2 and 3 respectively.

Proposal 2. If option from Observation 3 is agreed, we further propose that the relevant sentence is modified to read:

“Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT subframe duration for each NR-UNIT subframe, where PBR is Prioritized Bit Rate of logical channel j.”

And finally, we propose the following:

Proposal 3. RAN2 to agree the Text Proposal for TS 38.321 covering LCP operation in NR and presented in this document.
5   Reference
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Appendix: TP for TS 38.321 covering LCP operation
5.4.3
Multiplexing and assembly
5.4.3.1
Logical channel prioritization
5.4.3.1.1
General

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).
RRC additionally controls the LCP procedure by configuring for each logical channel zero, one, or more restrictions with respect to the type of UL grant a logical channel is allowed to use, determined by the permitted values of: the cell on which the logical channel can be scheduled; the sub-carrier spacing of the BWP the logical channel can use; and the maximum PUSCH duration of the grant acceptable for the logical channel.
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 × subframe duration for each subframe, 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.

If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants at the same time, it is up to UE implementation in which order the grants are processed.
5.4.3.1.2
Selection of logical channels

The MAC entity shall, when a new transmission is performed:
1> select the logical channels for each UL grant if each of the following conditions is met:
2> the logical channel is not restricted from transmitting on the cell of the grant; and

2> there is at least one pairing of (SCS, maximum PUSCH transmission duration) values configured for the logical channel where SCS matches the SCS of the grant; and
2> for at least one such pairing, the configured maximum PUSCH transmission duration value is greater than or equal to the PUSCH transmission duration of the grant

5.4.3.1.3
Allocation of resources

The MAC entity shall, when a new transmission is performed:
1>
allocate resources to the logical channels as follows:
2>
logical channels selected in subclause 5.4.3.1.2 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);

2>
decrement Bj by the total size of MAC SDUs served to logical channel j above;
NOTE:
The value of Bj can be negative.

2>
if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 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 above three-step LCP procedure is used as a baseline as agreed in RAN2 NR AH#2, and RAN2 confirmation requires.

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 6 bytes while having data available for transmission when the SO field is not included, and 8 byes when the SO field is included, 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 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):
-
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;

-
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.
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