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1 Introduction

Having clear and concise specification is an important task for standardization working group. The contribution discusses several issues to this end.

· Whether to have a general description to capture that there are two MAC entities per UE 
· Whether to introduce new terminology of SpCell in the MAC specification
· How to capture per MAC entity operation 
2 Discussion
In general, there would be two approaches in capturing a new feature impacting multiple sections;

Approach 1: Having a general description in some section; adding necessary text in other sections if the general section does not cover the impact

Approach 2: Capturing the impact in each of impacted section 
Having looked at the proposed running CR [R2-140904] and observed companies feedbacks on it, the general feeling seems favouring the approach 1. The general description from the running CR looks good. It is proposed to add a few details (difference from the running CR is highlighted)
Proposal 1: To have general description in section 4.2.1

<Text Proposal for the general description>
	4.2.1
MAC Entities

E-UTRA defines two MAC entities per CG; one in the UE and one in the E-UTRAN. These MAC entities handle the following transport channels:

-
Broadcast Channel (BCH);

-
Downlink Shared Channel(s) (DL-SCH);

-
Paging Channel (PCH);

-
Uplink Shared Channel(s) (UL-SCH);

-
Random Access Channel(s) (RACH);

-
Multicast Channel(s) (MCH).

The exact functions performed by the MAC entities are different in the UE from those performed in the E-UTRAN.
The functions of different MAC entities in the UE operate independently (i.e. a MAC entity configured for a CG is not affected by the events of the other CG) if not otherwise specified. Radio bearers are mapped  to MCG and/or SCG with RRC signalling. The configuration parameters like timers and counters are determined and signaled independently per CG if not otherwise specified. 

The RN includes both MAC entities; one for communication with UEs and one for communication with the E-UTRAN.

If the UE is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL-SCH and RACH per UE per CG; one DL-SCH and UL-SCH on the PCell, one DL-SCH, zero or one UL-SCH and zero or one RACH for each SCell.

Figure 4.2.1-1 illustrates one possible structure for the UE side MAC entity, and it should not restrict implementation.


Agreeing to the general descriptions above, functions/operations in the section 5 would be performed by each MAC entity. The current MAC specification uses ‘UE’ as the subjective of each operation, which would bring ambiguity if the UE is in dual connectivity. It is proposed to use ‘MAC entity’ instead of ‘UE’ at least in relevant sections. 
Proposal 2:  To agree to use ‘MAC entity’ instead of ‘UE’ when appropriate. 
The proposal 2 would be valid to almost all subsections in section 5. In this meeting, Text proposal capturing the impact to the relatively stable subsections (i.e. section 5.4.4, 5.4.5, 5.7) is presented. Other sections should be discussed after related issues are settled down.

Last meeting, new terminology of Special Cell is proposed as below in the proposed running CR. 
	Special Cell:      Refers to a special serving cell having PUCCH configured and supporting contention free random access.


The motivation seems to simplify the MAC specification by not repeating “PCell or PSCell accordingly” every time. The risk on the other hand is to have two new terminologies (i.e. PSCell and SpCell) instead of one (PSCell). To see whether the motivation is valid and the expected outcome would be good enough, section by section analysis is in the table below. 
<Table 1>
	Sections having PCell
	SpCell completely replace the PCell?
	PSCell is not needed if SpCell is used?

	3.1 Definitions
	No; PCell should be there at least for the following cases

PDCCH-subframe
Primary Timing Advance Group
Secondary Timing Advance Group
	Not clear yet

	4.2.1 MAC Entities
	Yes
	Yes

	5.1 Random Access procedure
	Maybe no

PCell would be used at least for failure handling case
	Maybe no

PSCell would be used at least for failure handling case

	5.3 DL-SCH data transfer
	Not clear yet;

It depends on SPS discussion 
	Not clear yet;

It depends on SI discussion

	5.4 UL-SCH data transfer
	Not clear yet;

It depends on SPS discussion
	Maybe no

	5.4.4 Scheduling Request
	Yes
	Yes

	5.4.6 Power Headroom Reporting
	Yes
	Yes

	5.5 PCH reception
	Not clear yet;

It depends on SI monitoring discussion 
	Not clear yet;

It depends on SI monitoring discussion

	5.10 Semi-Persistent Scheduling
	Not clear yet
	Not clear yet

	5.13 Activation/Deactivation of SCell
	Yes
	Yes

	6.1.3.5 Timing Advance Command MAC Control Element
	Yes
	Yes

	6.1.3.6a Extended Power Headroom MAC Control Element
	Not clear yet
If the current format is reused, yes. Otherwise no.
	Not clear yet


It is not clear yet whether SpCell can replace PCell and PSCell completely. Replacing SpCell with ‘PCell or PSCell accordingly’ can be done easily in the later stage; the proposal is

Proposal 3: To discuss whether to introduce SpCell or not later when the pros and cons are clear. For the time being, PCell and PSCell are used.    
3 Conclusion
Three proposals are made;

Proposal 1: To have general description in section 4.2.1

Proposal 2:  To replace UE with MAC entity in some sections when appropriate.
Proposal 3: To discuss whether to introduce SpCell or not later when the pros and cons are clear. For the time being, PCell and PSCell are separately used.    
Text Proposals
=====First modified section======
4.2.1
MAC Entities

E-UTRA defines two MAC entities per CG; one in the UE and one in the E-UTRAN. These MAC entities handle the following transport channels:

-
Broadcast Channel (BCH);

-
Downlink Shared Channel(s) (DL-SCH);

-
Paging Channel (PCH);

-
Uplink Shared Channel(s) (UL-SCH);

-
Random Access Channel(s) (RACH);

-
Multicast Channel(s) (MCH).

The exact functions performed by the MAC entities are different in the UE from those performed in the E-UTRAN.
The functions of different MAC entities in the UE operate independently (i.e. a MAC entity configured for a CG is not affected by the events of the other CG) if not otherwise specified. Radio bearers are mapped  to MCG and/or SCG with RRC signalling. The configuration parameters like timers and counters are determined and signaled independently per CG if not otherwise specified.
The RN includes both MAC entities; one for communication with UEs and one for communication with the E-UTRAN.

If the UE is configured with one or more SCells, there are multiple DL-SCH and there may be multiple UL-SCH and RACH per UE per CG; one DL-SCH and UL-SCH on the PCell, one DL-SCH, zero or one UL-SCH and zero or one RACH for each SCell.

Figure 4.2.1-1 illustrates one possible structure for the UE side MAC entity, and it should not restrict implementation.


[image: image1.emf]Random 

Access Control

PCCH BCCH CCCH DCCH DTCH MAC-control

Upper layers

PCH BCHDL-SCHUL-SCH RACH

Lower layer

(De-) Multiplexing

Logical Channel Prioritization (UL only)

Control

MCCH MTCH

MCH

De Multiplexing

HARQ

HARQ


Figure 4.2.1-1: MAC structure overview, UE side
=====Next modified section======
5.4.4
Scheduling Request 

The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant(s) can accommodate all pending data available for transmission.

If an SR is triggered and there is no other SR pending, the MAC entity shall set the SR_COUNTER to 0.

As long as one SR is pending, the MAC entity shall for each TTI:

-
if no UL-SCH resources are available for a transmission in this TTI:

-
if the MAC entity has no valid PUCCH resource for SR configured in any TTI: initiate a Random Access procedure (see subclause 5.1) on the PCell or on the PSCell accordingly and cancel all pending SRs;

-
else if the MAC entity has a valid PUCCH resource for SR configured for this TTI and if this TTI is not part of a  measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:

-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on PUCCH;

-
start the sr-ProhibitTimer.

-
else:

-
notify RRC to release PUCCH/SRS for all serving cells;

-
clear any configured downlink assignments and uplink grants;

-
initiate a Random Access procedure (see subclause 5.1) on the PCell or PSCell and cancel all pending SRs.

5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data  available for transmission in the UL buffers related to a MAC entity. RRC controls BSR reporting by configuring the two timers  periodicBSR-Timer and retxBSR-Timer and by, for each logical channel, optionally signalling logicalChannelGroup which allocates the logical channel to an LCG [8].

For the Buffer Status reporting procedure, the MAC entity shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.

A Buffer Status Report (BSR) shall be triggered for a MAC entity if any of the following events occur:

-
UL data, for a logical channel which belongs to a LCG, becomes available for transmission in the RLC entity or in the PDCP entity (the definition of what data shall be considered as available for transmission is specified in [3] and [4] respectively) and either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC control element plus its subheader, in which case the BSR is referred below to as "Padding BSR";

-
retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";

-
periodicBSR-Timer expires, in which case the BSR is referred below to as "Periodic BSR".

For Regular and Periodic BSR:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Long BSR;

-
else report Short BSR.

For Padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:

-
if more than one LCG has data available for transmission in the TTI where the BSR is transmitted: report Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;

-
else report Short BSR.

-
else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader, report Long BSR.

If the Buffer Status reporting procedure determines that at least one BSR has been triggered for a MAC entity and not cancelled:

-
if the MAC entity has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate the BSR MAC control element(s);

-
start or restart periodicBSR-Timer except when all the generated BSRs are Truncated BSRs;

-
start or restart retxBSR-Timer.

-
else if a Regular BSR has been triggered:

-
if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-
a Scheduling Request shall be triggered.

A MAC PDU shall contain at most one MAC BSR control element, even when multiple events trigger a BSR by the time a BSR can be transmitted in which case the Regular BSR and the Periodic BSR shall have precedence over the padding BSR.

The MAC entity shall restart retxBSR-Timer upon indication of a grant for transmission of new data on any UL-SCH of the MAC entity.

All triggered BSRs shall be cancelled in case the UL grant(s) in this subframe can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.

The MAC entity shall transmit at most one Regular/Periodic BSR in a TTI. If the MAC entity is requested to transmit multiple MAC PDUs in a TTI, it may include a padding BSR in any of the MAC PDUs which do not contain a Regular/Periodic BSR.

All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI. Each LCG shall report at the most one buffer status value per TTI and this value shall be reported in all BSRs reporting buffer status for this LCG.

NOTE:
A Padding BSR is not allowed to cancel a triggered Regular/Periodic BSR. A Padding BSR is triggered for a specific MAC PDU only and the trigger is cancelled when this MAC PDU has been built.
=====Next modified section======
5.7
Discontinuous Reception (DRX)

A MAC entity may be configured by RRC with a DRX functionality that controls the MAC entity’s PDCCH monitoring activity for C-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI and Semi-Persistent Scheduling C-RNTI (if configured). When in RRC_CONNECTED, if DRX is configured, the UE is allowed to monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity monitors the PDCCH continuously. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other subclauses of this specification. RRC controls DRX operation by configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (one per DL HARQ process except for the broadcast process), the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle. A HARQ RTT timer per DL HARQ process (except for the broadcast process) is also defined (see subclause 7.7).

When a DRX cycle is configured for a MAC entity, the Active Time of the MAC entity includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

When DRX is configured, the MAC entity shall for each subframe:

-
if a HARQ RTT Timer expires in this subframe and the data of the corresponding HARQ process was not successfully decoded:

-
start the drx-RetransmissionTimer for the corresponding HARQ process.

-
if a DRX Command MAC control element is received:

-
stop onDurationTimer;

-
stop drx-InactivityTimer.

-
if drx-InactivityTimer expires or a DRX Command MAC control element is received in this subframe:

-
if the Short DRX cycle is configured:

-
start or restart drxShortCycleTimer;

-
use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if drxShortCycleTimer  expires in this subframe:

-
use the Long DRX cycle.

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (shortDRX-Cycle) = (drxStartOffset) modulo (shortDRX-Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (longDRX-Cycle) = drxStartOffset:

-
start onDurationTimer.

-
during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;

-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the MAC entity is monitoring PDCCH or not, the MAC entity receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.

NOTE:
The same active time applies to all activated serving cell(s).
NOTE:
In case of downlink spatial multiplexing, if a TB is received while the HARQ RTT Timer is running and the previous transmission of the same TB was received at least N subframes before the current subframe (where N corresponds to the HARQ RTT Timer), the MAC entity should process it and restart the HARQ RTT Timer.
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