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1.
Introduction
Throughout the specification, various terminologies are used for SPS behavior. This document shows the implication in understanding SPS operation due to the use of the different terminologies, and proposes to use a single terminology for a single behavior.

2.
SPS-related terminology used in current specification
First, we would like to show how the current specification is written. The related parts of MAC and RRC specifications are snipped below with the highlight of SPS-related text. Investigation of different terminologies is provided in later sections.
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5.3
DL-SCH data transfer

5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH indicate if there is a transmission on a DL-SCH for a particular UE and provide the relevant HARQ information.

When the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI during which it monitors PDCCH and for each Serving Cell:

-
if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the UE’s C-RNTI, or Temporary C‑RNTI:

-
if this is the first downlink assignment for this Temporary C-RNTI:

-
consider the NDI to have been toggled.

-
if the downlink assignment is for UE’s C-RNTI and if the previous downlink assignment indicated to the HARQ entity of the same HARQ process was either a downlink assignment received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured downlink assignment:

-
consider the NDI to have been toggled regardless of the value of the NDI.

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the PCell and a downlink assignment for this TTI has been received for the PCell on the PDCCH of the PCell for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI not to have been toggled;

-
indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-
else, if the NDI in the received HARQ information is 0:

-
if PDCCH contents indicate SPS release:

-
clear the configured downlink assignment (if any);

-
if timeAlignmentTimer is running:

-
indicate a positive acknowledgement for the downlink SPS release to the physical layer.

-
else:

-
store the downlink assignment and the associated HARQ information as configured downlink assignment;

-
initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;

-
set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-
consider the NDI bit to have been toggled;

-
indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

5.4
UL-SCH data transfer

5.4.1
UL Grant reception

In order to transmit on the UL-SCH the UE must have a valid uplink grant (except for non-adaptive HARQ retransmissions) which it may receive dynamically on the PDCCH or in a Random Access Response or which may be configured semi-persistently. To perform requested transmissions, the MAC layer receives HARQ information from lower layers. When the physical layer is configured for uplink spatial multiplexing, the MAC layer can receive up to two grants (one per HARQ process) for the same TTI from lower layers.

When timeAlignmentTimer is running and the UE has a C-RNTI, Semi-Persistent Scheduling C-RNTI, or Temporary C-RNTI, the UE shall for each TTI and for each Serving Cell and for each grant received for this TTI:

-
if an uplink grant for this TTI and this Serving Cell has been received on the PDCCH for the UE’s C-RNTI or Temporary C-RNTI; or

-
if an uplink grant for this TTI has been received in a Random Access Response:

-
if the uplink grant is for UE’s C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the UE’s Semi-Persistent Scheduling C-RNTI or a configured uplink grant:

-
consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else, if this Serving Cell is the PCell and if an uplink grant for this TTI has been received for the PCell on the PDCCH of the PCell for the UE’s Semi-Persistent Scheduling C-RNTI:

-
if the NDI in the received HARQ information is 1:

-
consider the NDI for the corresponding HARQ process not to have been toggled;

-
deliver the uplink grant and the associated HARQ information to the HARQ entity for this TTI.

-
else if the NDI in the received HARQ information is 0:

-
if PDCCH contents indicate SPS release:

-
clear the configured uplink grant (if any).

-
else:

-
store the uplink grant and the associated HARQ information as configured uplink grant;

-
initialise (if not active) or re-initialise (if already active) the configured uplink grant to start in this TTI and to recur according to rules in subclause 5.10.2;

-
consider the NDI bit for the corresponding HARQ process to have been toggled;

-
deliver the configured uplink grant and the associated HARQ information to the HARQ entity for this TTI.

5.10
Semi-Persistent Scheduling

When Semi-Persistent Scheduling is enabled by RRC, the following information is provided [8]:

-
Semi-Persistent Scheduling C-RNTI;

-
Uplink Semi-Persistent Scheduling interval semiPersistSchedIntervalUL and number of empty transmissions before implicit release implicitReleaseAfter, if Semi-Persistent Scheduling is enabled for the uplink;

-
Whether twoIntervalsConfig is enabled or disabled for uplink, only for TDD;

-
Downlink Semi-Persistent Scheduling interval semiPersistSchedIntervalDL and number of configured HARQ processes for Semi-Persistent Scheduling numberOfConfSPS-Processes, if Semi-Persistent Scheduling is enabled for the downlink;

When Semi-Persistent Scheduling for uplink or downlink is disabled by RRC, the corresponding configured grant or configured assignment shall be discarded.

Semi-Persistent Scheduling is supported on the PCell only.

Semi-Persistent Scheduling is not supported for RN communication with the E-UTRAN in combination with an RN subframe configuration.
5.10.1
Downlink

After a Semi-Persistent downlink assignment is configured, the UE shall consider sequentially that the Nth assignment occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.

5.10.2
Uplink

After a Semi-Persistent Scheduling uplink grant is configured, the UE shall:

-
if twoIntervalsConfig is enabled by upper layer:

-
set the Subframe_Offset according to Table 7.4-1.

-
else:

-
set Subframe_Offset to 0.

-
consider sequentially that the Nth grant occurs in the subframe for which:

-
(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240.
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant were (re-)initialised.

The UE shall clear the configured uplink grant immediately after implicitReleaseAfter [8] number of consecutive new MAC PDUs each containing zero MAC SDUs have been provided by the Multiplexing and Assembly entity, on the Semi-Persistent Scheduling resource.
NOTE:
Retransmissions for Semi-Persistent Scheduling can continue after clearing the configured uplink grant.
7.1
RNTI values

Table 7.1-2: RNTI usage.

RNTI

Usage

Transport Channel

Logical Channel

P-RNTI

Paging and System Information change notification

PCH

PCCH

SI-RNTI

Broadcast of System Information

DL-SCH

BCCH

M-RNTI

MCCH Information change notification

N/A
N/A
RA-RNTI

Random Access Response

DL-SCH

N/A

Temporary C-RNTI

Contention Resolution
(when no valid C-RNTI is available)

DL-SCH

CCCH

Temporary C-RNTI

Msg3 transmission

UL-SCH

CCCH, DCCH, DTCH

C-RNTI

Dynamically scheduled unicast transmission

UL-SCH

DCCH, DTCH

C-RNTI

Dynamically scheduled unicast transmission

DL-SCH

CCCH, DCCH, DTCH

C-RNTI

Triggering of PDCCH ordered random access

N/A

N/A

Semi-Persistent Scheduling C-RNTI

Semi-Persistently scheduled unicast transmission

(activation, reactivation and retransmission)

DL-SCH, UL-SCH

DCCH, DTCH

Semi-Persistent Scheduling C-RNTI

Semi-Persistently scheduled unicast transmission

(deactivation)

N/A

N/A

TPC-PUCCH-RNTI

Physical layer Uplink power control
N/A

N/A

TPC-PUSCH-RNTI

Physical layer Uplink power control
N/A

N/A
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6.3.2
Radio resource control information elements

–
SPS-Config
The IE SPS-Config is used to specify the semi-persistent scheduling configuration.

SPS-Config information element
-- ASN1START

SPS-Config ::=
SEQUENCE {


semiPersistSchedC-RNTI


C-RNTI




OPTIONAL,


-- Need OR


sps-ConfigDL




SPS-ConfigDL


OPTIONAL,


-- Need ON


sps-ConfigUL




SPS-ConfigUL


OPTIONAL


-- Need ON

}

SPS-ConfigDL ::=
CHOICE{


release






NULL,


setup






SEQUENCE {



semiPersistSchedIntervalDL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80,













sf128, sf160, sf320, sf640, spare6,













spare5, spare4, spare3, spare2,













spare1},



numberOfConfSPS-Processes


INTEGER (1..8),



n1PUCCH-AN-PersistentList


N1PUCCH-AN-PersistentList,



...,



[[
twoAntennaPortActivated-r10

CHOICE {





release






NULL,





setup






SEQUENCE {






n1PUCCH-AN-PersistentListP1-r10
N1PUCCH-AN-PersistentList





}




}















OPTIONAL
-- Need ON



]]


}

}

SPS-ConfigUL ::=
CHOICE {


release






NULL,


setup






SEQUENCE {



semiPersistSchedIntervalUL


ENUMERATED {













sf10, sf20, sf32, sf40, sf64, sf80,













sf128, sf160, sf320, sf640, spare6,













spare5, spare4, spare3, spare2,













spare1},



implicitReleaseAfter



ENUMERATED {e2, e3, e4, e8},



p0-Persistent





SEQUENCE {




p0-NominalPUSCH-Persistent


INTEGER (-126..24),




p0-UE-PUSCH-Persistent



INTEGER (-8..7)



}

OPTIONAL,











-- Need OP



twoIntervalsConfig




ENUMERATED {true}


OPTIONAL,
-- Cond TDD



...


}

}

N1PUCCH-AN-PersistentList ::=

SEQUENCE (SIZE (1..4)) OF INTEGER (0..2047)

-- ASN1STOP

SPS-Config field descriptions
implicitReleaseAfter

Number of empty transmissions before implicit release, see TS 36.321 [6, 5.10.2]. Value e2 corresponds to 2 transmissions, e3 corresponds to 3 transmissions and so on.



3.
Investigation of different SPS terminologies

As can be seen in section 2, many different terminologies are used for SPS operation throughout the specifications. They are listed-up again here for easy reference.
- ‘Start’ related: setup, enable, activate, configure, initialise
- ‘Restart’ related: reactivate, re-initialise

- ‘Stop’ related: release, disable, deactivate, clear, discard

The reason for using various terminologies for SPS is that the SPS operation is performed through multiple steps. Using various terminologies is not a problem, as long as each terminology indicates a single behavior and vice versa.
However, the implication in the current specification is that in some cases a single terminology is used for different behaviors, and in other cases different terminologies are used for a single behavior.
To remove the ambiguities from the current specification, we would like to first establish a common understanding of SPS operation. Our observation of the current specification is summarized below, with the ‘proper’ terminology from our understanding.
-
‘Start’ of SPS operation
1.
RRC ‘setups’ SPS configuration in MAC.

2.
MAC ‘activates’ SPS operation when a PDCCH indicating SPS activation is received.

3.
MAC ‘configures’ SPS resource (i.e. UL grant/DL assignment).

4.
MAC ‘stores’ configured SPS resource.

4.
MAC ‘initialises’ configured SPS resource, i.e. determines SPS subframe pattern and apply the configured SPS resource to the determined subframes.

-
‘Restart’ of SPS operation

1.
MAC ‘activates’ SPS operation again when a PDCCH indicating SPS activation is received.

2.
MAC ‘clears’ stored configured SPS resource
3.
MAC ‘configures’ SPS resource.

4.
MAC ‘stores’ configured SPS resource.

3.
MAC ‘re-initialises’ configured SPS resource, i.e. start the SPS subframe pattern in a new subframe.
-
‘Stop’ of SPS operation
1.
MAC ‘deactivates’ SPS operation when a PDCCH indicating SPS deactivation is received.

2.
MAC ‘clears’ stored SPS resource.

3.
RRC ‘releases’ SPS configuration in MAC.

or

1.
RRC ‘releases’ SPS configuration in MAC.

2.
MAC ‘clears’ stored SPS resource.

With the above steps in mind, we investigate different SPS terminologies in different situation.
3.1
Setup/Release of SPS configuration by RRC
In RRC specification, it is written that the SPS configuration is ‘setup’ or ‘released’. But in MAC specification, it is written that the SPS is ‘enabled’ or ‘disabled’ by RRC. We think MAC should follow the terminology specified in RRC.
Proposal 1: Replace SPS ‘enable’ and ‘disable’ by SPS configuration ‘setup’ and ‘release’, respectively.
3.2
Activation/Deactivation of SPS by MAC
The first issue is that two terminologies, i.e. SPS release (4 occurrences) and SPS deactivation (1 occurrence), are used for the same behavior in MAC specification. Considering that the ‘SPS release’ is already used for SPS configuration by RRC, we think using ‘SPS release’ for ‘SPS deactivation’ makes confusion to readers.
Proposal 2: Replace ‘SPS release’ in PDCCH content by ‘SPS deactivation’.
There is another ‘SPS release’ for ‘implicit release’. We think the same rule can be applied to ‘implicit release’, i.e. change ‘implicit release’ to ‘implicit deactivation’. However, we want to leave the parameter implicitReleaseAfter because it is defined in ASN.1. 
Proposal 3: Replace ‘implicit release’ by ‘implicit deactivation’.

Another issue is that the MAC specification does not clearly define the ‘SPS activation’. One of the usages of SPS C-RNTI is ‘SPS activation’ as specified in table 7.1-2 of MAC specification, but nowhere in the specification addresses ‘SPS activation’. We think the “else” clause after the clause “if PDCCH contents indicate SPS release” in sections 5.3.1 and 5.4.1 is for ‘SPS activation’, and propose to make it clear in the MAC specification. 
Proposal 4: Clarify which behavior belongs to ‘SPS activation’.

In table 7.1-2, one usage of SPS C-RNTI is ‘SPS reactivation’. However, there is no such indication in PDCCH as per RAN1 specification (TS36.213). Moreover, the same clause as ‘SPS activation’ is intended for ‘SPS reactivation’. Thus, we think MAC does not need to say about ‘SPS reactivation’ in the RNTI usage. 
Proposal 5: Remove ‘SPS reactivation’.
The last issue is on the text “initialise (if not active) or re-initialise (if already active) the configured downlink assignment/uplink grant” in sections 5.3.1 and 5.4.1. Since the terminologies ‘not active’ and ‘active’ are not defined in the specification, they may cause unnecessary confusion to the readers. 

We think they are referring to ‘SPS activation’ and ‘SPS deactivation’, so we propose to replace ‘not active’ and ‘active’ by ‘SPS is deactivated’ and ‘SPS is activated’, respectively.
Proposal 6: Replace ‘not active’ and ‘active’ by ‘SPS is deactivated’ and ‘SPS is activated’, respectively.
3.3
Store/Clear configured DL assignment/UL grant by MAC

For the ‘clear’ of configured SPS resource, the specification uses another term ‘discard’ in section 5.10, “the corresponding configured grant or configured assignment shall be discarded”. This also makes unnecessary confusion to readers, and we propose to use a single term ‘clear’ in the MAC specification.
Proposal 7: Replace ‘discard’ by ‘clear’ for configured SPS resource.

When the PDCCH contents indicate SPS activation, the specification just says that MAC shall store the configured SPS resource. However, the specification does not say whether MAC shall clear already stored configured resource before storing the newly configured resource. The ‘store’ may imply clear of the old resource, but it is not obvious from the specification. Thus, we propose to specify that MAC clears the old configured resource before storing the new configured resource when SPS is activated.
Proposal 8: Specify that MAC clears the old configured resource when SPS is activated.
3.4
(Re-)Initialise configured DL assignment/UL grant by MAC

When the SPS is activated, the MAC configures SPS resource (i.e. DL assignment/UL grant and the associated HARQ information), and (re-)initialises the SPS subframe pattern to use the configured SPS resource in the determined subframes. 

The problem with the current specification is that there is no clear indication of ‘SPS (re-)initialisation’. We think ‘SPS (re-)initialisation’ means the determination of SPS subframes based on the formula specified in sections 5.10.1 and 5.10.2, and propose to make it clear in the MAC specification.
Proposal 9: Clarify which behavior belongs to ‘SPS (re-)initialisation’.

4.
Proposal
To make the SPS operation clear in the specification, we propose to agree on following clean-up proposals.

Proposal 1: Replace SPS ‘enable’ and ‘disable’ by SPS configuration ‘setup’ and ‘release’, respectively.
Proposal 2: Replace ‘SPS release’ in PDCCH content by ‘SPS deactivation’.
Proposal 3: Replace ‘implicit release’ by ‘implicit deactivation’.

Proposal 4: Clarify which behavior belongs to ‘SPS activation’.

Proposal 5: Remove ‘SPS reactivation’.
Proposal 6: Replace ‘not active’ and ‘active’ by ‘SPS is deactivated’ and ‘SPS is activated’, respectively.
Proposal 7: Replace ‘discard’ by ‘clear’ for configured SPS resource.

Proposal 8: Specify that MAC clears the old configured resource when SPS is activated.
Proposal 9: Clarify which behavior belongs to ‘SPS (re-)initialisation’.

The related CRs are provided in [1]~[4].
In addition, if above proposals are agreed, we propose further to discuss the need for sending LS to RAN1 to align the SPS terminology with RAN2.
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