3GPP TSG-RAN WG2 #100	Tdoc R2-1713467
Reno, Nevada, USA, 27th November – 1st December 2017	Update of R2-1711171

Agenda Item:	10.3.1.7
Source:	Ericsson
Title:	Open Issues on LCP
Document for:	Discussion, Decision
[bookmark: _GoBack]
Introduction
Compared to the previous revision of this paper (R2-1711171) the text proposal for MAC has been updated and there has been an email discussion related to LCP but the views on certain topics from different companies were somewhat different and this paper aims in bringing some clarity and common understanding on these topics
In RAN2#98, the following agreements were made

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.  

[bookmark: _Ref178064866]Discussion
In the email discussion [99bis#40][NR UP/MAC] LCP, it was concluded and proposed that “the minimum grant size for not transmitting padding or padding BSR while having data available for transmission is 8 bytes”. 
The restriction in LTE, also pasted below, aims to optimize data transmission for small grants and includes a lower limit on when it is not allowed to only send padding BSR or padding. The upper limit is an exception to this restriction and only valid for AMD PDU segments. By only setting the upper limit in NR, without being an exception, there is a risk that small grants for non AMD PDU segments will send just padding or padding BSR which the restriction aims to prevent. In a strict sense, the above proposal restricts any padding or padding BSR while the LTE restriction says that “only” padding BSR or padding is restricted. 
Our view is that the restriction as described in LTE serves as an optimization and with the current proposal the intention of the restriction is somewhat lost. Being an optimization, the X values discussed in the email thread should also be chosen to serve the optimization the most. 
This contribution tries to unify the views on how to set the values of X in NR considering the recent RAN2 discussions on RLC and MAC header formats and the email discussion [99bis#40][NR UP/MAC] LCP.
[bookmark: _Toc489306319][bookmark: _Toc487550690][bookmark: _Toc488074729][bookmark: _Toc488074730][bookmark: _Toc489306321][bookmark: _Toc488074657]X value in LTE
In LTE, the rules due to grant size (i.e., named as X parameter) is highlighted as below
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);
Following the above rules, the UE is not allowed to transmit only padding BSR and/or padding bits when receiving an UL grant with the size equal or larger than X bytes. The intention is to maximize the transmission of the data. 
In LTE, the value of Parameter X considers the potential size including a MAC sub-header and a RLC header. Except the last subheader in the MAC PDU and subheaders for fixed sized MAC control elements and padding bits, the typical MAC subheader consists of five or six header fields R/F2/E/LCID/(F)/L with a size of 2 or 3 bytes, depending on the length of the L field.  So, the minimum size of a MAC subheader is 2 bytes. The size of the RLC header varies depending on the structures of RLC PDUs. The affecting factors are the RLC mode, segmentation and concatenation. The minimum size of RLC header for non-segmentation scenario is 1 byte where it is a UMD PDU with a SN of 5 bits and has no concatenation of RLC SDUs.  For a scenario with RLC segmentation, the minimum size of RLC header is 4 bytes, where the RLC AMD PDU segment has a SN with 10 bits and has no concatenation of RLC SDUs. It is therefore understood that 
1) The minimum size including a MAC subheader and a RLC header is considered 
2) The value of X in LCP is defined to enable the UE MAC entity to transmit at least 1 byte of data from logical channels. 
[bookmark: _Toc489306316][bookmark: _Toc489988790][bookmark: _Toc490210240][bookmark: _Toc494292078][bookmark: _Toc494381022][bookmark: _Toc494410768][bookmark: _Toc498505710][bookmark: _Toc498614413][bookmark: _Toc498633007]In LTE, the value of Parameter X in LCP has considered the minimum size including a MAC subheader and a RLC header.
[bookmark: _Toc489306317][bookmark: _Toc489988791][bookmark: _Toc490210241][bookmark: _Toc494292079][bookmark: _Toc494381023][bookmark: _Toc494410769][bookmark: _Toc498505711][bookmark: _Toc498614414][bookmark: _Toc498633008]In LTE, the value of Parameter X in LCP is set to enable the UE MAC entity to have at least 1-byte room to transmit data from LCHs.
X value in NR
In NR, a MAC subheader except for fixed sized MAC CE and padding consists of the four header fields [R/F/LCID/L] [1]. Therefore, a typical MAC subheader would have a size of 2 or 3 bytes depending on the actual length of L field. Following the LTE methodology, the minimum size of a NR MAC subheader (except for fixed sized MAC CE and padding) is 2 bytes. Given the email discussion, [99bis#40][NR UP/MAC] LCP, this also seems to be the common understanding amongst companies of the value to use for the MAC subheader size in the analysis of the minimum grant size for when to allow a BSR without sending a AMD PDU.   
[bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK45][bookmark: OLE_LINK46]The size of a RLC header varies with the RLC mode, the size of the SN field, and the segmentation.  According to the latest agreements concerning RLC, a RLC UM PDU without segmentation contains 1-byte header, while a RLC UM PDU with segmentation contains 3 or 4 bytes, depending on if it uses a 6-bits SN or a 12-bits SN. For RLC AM mode, the size of a RLC header in non-segmented scenario is 2 or 3 bytes, and 4 or 5 bytes for a RLC AMD PDU segment. Several examples are illustrated in the below figure, to clarify different possible RLC header formats. As a summary, the minimum size of RLC header for non-segmentation scenario is 1 byte and 3 bytes for a RLC PDU segment.
[image: ]   [image: ]
Figure 1. Examples of different RLC header formats with UM mode (left) and AM mode (right). 
Applying the same methodology as LTE, i.e. 
· RLC AM SDU should be considered; 
· it should be the minimum size RLC header with 12bits of SN;
· with segmentation;
The RLC subheader meeting these requirements is the subheader of 4 bytes. The value of X in LTE for LCP is defined to enable the UE MAC entity to transmit at least 1 byte of data from logical channels. Using the same for NR the value for the X parameter in NR is 2 bytes for the MAC subheader, 4 bytes for the RLC subheader and 1 byte for AMD PDU, i.e. 7 bytes should be used for the upper value of X in NR.
The above limit of X is an exception to when the LCP should always include RLC SDUs regardless of AM, UM segmentation etc. and if the exception of 7 bytes is specified, the lower limit should also be specified to make sure that the relative priorities between MAC CE and LCHs are fulfilled. Given the headers sizes of MAC and RLC, there seem to be no reason to have this any different than in LTE, i.e. 4 bytes.
[bookmark: _Toc489306323][bookmark: _Toc489988780][bookmark: _Toc490210242][bookmark: _Toc494292080][bookmark: _Toc494366169][bookmark: _Toc494381024][bookmark: _Toc494410770][bookmark: _Toc498505715][bookmark: _Toc498505768][bookmark: _Toc498507880][bookmark: _Toc498603857][bookmark: _Toc498614410][bookmark: _Toc498633009]In NR, the values of the Parameter X in LCP should be 4 and 7 bytes for the lower and upper bound.
[bookmark: _Toc498505716]See below text proposal.
[bookmark: _Toc498505717]In the email discussion, [99bis#40][NR UP/MAC] LCP, some companies proposed to use an alternative solution by not specifying the values for X in NR. If companies find it hard to agree on the upper and lower limit of X, the text:
[bookmark: _Toc498505718]“If the MAC entity is given an UL grant size that is sufficient to transmit at least one byte of RLC SDU available for transmission, the MAC entity shall not transmit only padding BSR and/or padding”
should be considered.
Restriction on minimum PUSCH duration
In the email discussion, [99bis#40][NR UP/MAC] LCP, it was also discussed if the time restriction on PUSCH transmissions should be configured with only a maximum, Tmax, or if both a minimum and maximum time restriction should be used, i.e. [Tmin, Tmax].
A LCH configured with a Tmax aims in restricting a grant to be used for delay sensitive services, e.g. URLLC, when the minimum slot duration offered is to long for such a service. The LCP would therefore by looking at Tmax restrict any service that requires delays less than what the slot duration on PUSCH can deliver. It seems most companies agree on that Tmax is necessary to guarantee that the delay requirements for URLLC services can be met, i.e. the configured interval should be [0, Tmax].
A LCH configured with a Tmin would aim to restrict a grant to be used for delay tolerable services, e.g. eMBB, when the slot duration offered is shorter than required for the service. The LCP would therefore by looking at Tmin, restrict any service from using the grant, that does not require the short slot duration on PUSCH.  The view amongst companies to have both Tmin and Tmax, i.e. the restricted time interval [Tmin, Tmax] were not agreed during the email discussion, [99bis#40][NR UP/MAC] LCP. 
The value range for the time interval [Tmin, Tmax] ws mentioned but not discussed in general. If companies can agree on having the possibility to configure Tmin to the value 0ms, it seems that most concerns are met and would reduce any further delays on the subject.
[bookmark: _Toc498603858][bookmark: _Toc498614411][bookmark: _Toc498633010]The LCP restriction procedure should allow for [Tmin, Tmax] to be configured where Tmin is allowed to be configured to the value of 0ms.
Text proposal for 38.321
[bookmark: _Toc491782010]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 in the following:
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>	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.
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 [X]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 RLC AMD PDU segment needs to be transmitted).


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):
-	…
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.
[bookmark: OLE_LINK100]Conclusion
In section 2 we made the following observations:
Observation 1	In LTE, the value of Parameter X in LCP has considered the minimum size including a MAC subheader and a RLC header.
Observation 2	In LTE, the value of Parameter X in LCP is set to enable the UE MAC entity to have at least 1-byte room to transmit data from LCHs.

Based on the discussion in section 2 we propose the following:
Proposal 1	In NR, the values of the Parameter X in LCP should be 4 and 7 bytes for the lower and upper bound.
Proposal 2	The LCP restriction procedure should allow for [Tmin, Tmax] to be configured where Tmin is allowed to be configured to the value of 0ms.
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