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Introduction
In RAN2#93bis, the following agreement was achieved on the aspect of collision of new transmission and retransmission in short SPS period:
	Agreements

· For retransmission colliding with SPS resources we will not only rely on adaptive retransmissions.   FFS if the UE can retransmit on the SPS resources if no new data is available.  


In this contribution, we will provide further analysis on the collision problem and then propose a preferable solution. 
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Collision problem
If the SPS period of 1ms is supported, the UE will be able to perform new transmission in every TTI with the configured UL grants, consequently new transmissions will collide with the non-adaptive retransmissions which is supposed to be transmitted on the same SPS resource, as shown in Figure 1. With the 10ms or longer SPS period as today, collision between new transmissions and non-adaptive retransmissions occurs rarely since the HARQ RTT and the SPS period are different, but with the newly introduced 1ms SPS period the collision problem becomes serious.
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Figure 1: Collision of new transmissions and non-adaptive retransmissions
Collision between new transmission and non-adaptive retransmission on SPS resource was discussed in the past for TDD. For instance, the uplink HARQ RTT is 10ms in case of TDD configuration 1. If the uplink SPS period is 10ms as well, then new transmission and non-adaptive retransmission will collide with each other as soon as the failure of the new transmission. To avoid the collision, a so-called “Two Intervals Config” mechanism was introduced to adjust the SPS period periodically by a predefined sub-frame offset, as shown in Figure 2.
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Figure 2: “Two Intervals Config” mechanism to avoid the collision in TDD
Based on the current specification described in TS36.321 section 5.4.1, if an uplink grant has been configured for one TTI, the NDI bit for the corresponding HARQ process is considered to have been toggled. This means, when collision between new transmission and retransmission on SPS resource happens, the new transmission will always take precedence of the retransmission. However, with the introduction of uplink grant skipping, the UE may finally skip the UL new transmission if there is no available traffic data to transmit. Consequently, the UE will perform neither retransmission nor new transmission and the UL transmission opportunity is wasted. 
Observation: With 1ms SPS period, the collision between non-adaptive retransmissions and new transmissions may happen frequently, and in this case  new transmission will always take precedence of retransmission according to the current specification even if the UE may finally skip the UL transmission because of no available data.
3
Potential solutions
There are two potential solutions to address the collision problem after the introduction of short SPS period, as described below.

Solution 1: Same as today, the UE prioritizes new transmission over non-adaptive retransmission on SPS resources. Nevertheless, the UE can perform non-adaptive retransmission on the SPS resources if there is no new data available for transmission in this TTI. 
Solution 2: The UE prioritizes non-adaptive retransmission over new transmission on SPS resources, e.g. if configured by RRC. If there are new traffic data to be transmitted in the colliding TTI, the transmission of the new traffic data will be postponed to the subsequent SPS occasions. 
With Solution 1, the eNB doesn’t know in advance it is a non-adaptive retransmission or a new transmission hence the eNB has to perform double decoding. Solution 1 is more complex from eNB decoding perspective. In case non-adaptive retransmission and new transmission collide in one TTI, with Solution 1, the non-adaptive retransmission will be postponed with one more HARQ RTT, even multiple HARQ RTTs if collision also occurs for the subsequent non-adaptive retransmissions, which is not good for users requiring short latency. Solution 2 doesn’t have this problem. Postpone the new traffic data to the subsequent SPS occasions in case of collision is acceptable from latency perspective since the SPS period is quite short. Actually, solution 2 is quite similar to the current “Two Intervals Config” mechanism that was introduced for TDD. Therefore, Solution 2 is preferred.
Proposal: When short SPS period is configured, the eNB can configure the UE to prioritize retransmission over new transmission on SPS resources. 
4

Conclusion

In this contribution, we provided some analysis on the collision between new transmission and retransmission on SPS resources after the introduction of short SPS period, and we also proposed a preferable solution. We have the following proposal:

Proposal: When short SPS period is configured, the eNB can configure the UE to prioritize retransmission over new transmission on SPS resources. 
The text proposal on implementing of the solution is provided in the Annex.
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TS 36.321
5.4.1
UL Grant reception

In order to transmit on the UL-SCH the MAC entity 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.

If the MAC entity has a C-RNTI, a Semi-Persistent Scheduling C-RNTI, or a Temporary C-RNTI, the MAC entity shall for each TTI and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer 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 MAC entity’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 MAC entity’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 MAC entity’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 SpCell and if an uplink grant for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’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.

-
else, if this Serving Cell is the SpCell and an uplink grant for this TTI has been configured for the SpCell:
-
if the MAC entity is configured with sps-PrioritizeRetrans and the received HARQ feedback for the previous transmission of the same HARQ process is NACK:
· consider the NDI bit for the corresponding HARQ process not to have been toggled;
· consider the configured uplink grant for this TTI to be zero;
-
else:
-
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.

NOTE:
The period of configured uplink grants is expressed in TTIs.

NOTE:
If the MAC entity receives both a grant in a Random Access Response and a grant for its C-RNTI or Semi persistent scheduling C-RNTI requiring transmissions on the SpCell in the same UL subframe, the MAC entity may choose to continue with either the grant for its RA-RNTI or the grant for its C-RNTI or Semi persistent scheduling C-RNTI.

NOTE:
When a configured uplink grant is indicated during a measurement gap and indicates an UL-SCH transmission during a measurement gap, the MAC entity processes the grant but does not transmit on UL-SCH.
TS 36.331
–
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



...,



[[
p0-PersistentSubframeSet2-r12

CHOICE {





release







NULL,





setup







SEQUENCE {






p0-NominalPUSCH-PersistentSubframeSet2-r12


INTEGER (-126..24),






p0-UE-PUSCH-PersistentSubframeSet2-r12



INTEGER (-8..7)





}




} 














OPTIONAL
-- Need ON



]],


[[
sps-PrioritizeRetrans-r14 

ENUMERATED {true}


OPTIONAL
-- Need OR


]]

}

}

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.

	n1PUCCH-AN-PersistentList , n1PUCCH-AN-PersistentListP1

List of parameter: 
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 for antenna port P0 and for antenna port P1 respectively, see TS 36.213 [23, 10.1]. Field n1-PUCCH-AN-PersistentListP1 is applicable only if the twoAntennaPortActivatedPUCCH-Format1a1b in PUCCH-ConfigDedicated-v1020 is set to true. Otherwise the field is not configured.

	numberOfConfSPS-Processes

The number of configured HARQ processes for Semi-Persistent Scheduling, see TS 36.321 [6].

	p0-NominalPUSCH-Persistent

Parameter: 
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. See TS 36.213 [23, 5.1.1.1], unit dBm step 1. This field is applicable for persistent scheduling, only. If choice setup is used and p0-Persistent is absent, apply the value of p0-NominalPUSCH for p0-NominalPUSCH-Persistent. If uplink power control subframe sets are configured by tpc-SubframeSet, this field applies for uplink power control subframe set 1.

	p0-NominalPUSCH-PersistentSubframeSet2
Parameter: 
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. See TS 36.213 [23, 5.1.1.1], unit dBm step 1. This field is applicable for persistent scheduling, only. If p0-PersistentSubframeSet2-r12 is not configured, apply the value of p0-NominalPUSCH-SubframeSet2-r12 for p0-NominalPUSCH-PersistentSubframeSet2. E-UTRAN configures this field only if uplink power control subframe sets are configured by tpc-SubframeSet, in which case this field applies for uplink power control subframe set 2.

	p0-UE-PUSCH-Persistent

Parameter: 
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O_UE_PUSCH

P

. See TS 36.213 [23, 5.1.1.1], unit dB. This field is applicable for persistent scheduling, only. If choice setup is used and p0-Persistent is absent, apply the value of p0-UE-PUSCH for p0-UE-PUSCH-Persistent. If uplink power control subframe sets are configured by tpc-SubframeSet, this field applies for uplink power control subframe set 1.

	p0-UE-PUSCH-PersistentSubframeSet2

Parameter: 
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O_UE_PUSCH
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. See TS 36.213 [23, 5.1.1.1], unit dB. This field is applicable for persistent scheduling, only. If p0-PersistentSubframeSet2-r12 is not configured, apply the value of p0-UE-PUSCH-SubframeSet2 for p0-UE-PUSCH-PersistentSubframeSet2. E-UTRAN configures this field only if uplink power control subframe sets are configured by tpc-SubframeSet, in which case this field applies for uplink power control subframe set 2.

	semiPersistSchedC-RNTI

Semi-persistent Scheduling C-RNTI, see TS 36.321 [6].

	semiPersistSchedIntervalDL

Semi-persistent scheduling interval in downlink, see TS 36.321 [6]. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. For TDD, the UE shall round this parameter down to the nearest integer (of 10 sub-frames), e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds to 30 sub-frames, sf128 corresponds to 120 sub-frames.

	semiPersistSchedIntervalUL

Semi-persistent scheduling interval in uplink, see TS 36.321 [6]. Value in number of sub-frames. Value sf10 corresponds to 10 sub-frames, sf20 corresponds to 20 sub-frames and so on. For TDD, the UE shall round this parameter down to the nearest integer (of 10 sub-frames), e.g. sf10 corresponds to 10 sub-frames, sf32 corresponds to 30 sub-frames, sf128 corresponds to 120 sub-frames.

	sps-PrioritizeRetrans
If present, the UE prioritizes non-adaptive HARQ retransmission over new transmission on SPS occasions.

	twoIntervalsConfig

Trigger of two-intervals-Semi-Persistent Scheduling in uplink. See TS 36.321 [6, 5.10]. If this field is present, two-intervals-SPS is enabled for uplink. Otherwise, two-intervals-SPS is disabled.


	Conditional presence
	Explanation

	TDD
	This field is optional present for TDD, need OR; it is not present for FDD and the UE shall delete any existing value for this field.








3GPP


_1520684556.vsd
Drag the side handles to change the width of the text block.


￼


Initial transmission


NACK


U2


Use next SPS resource to avoid collision


TDD configuration 1


D0


S1


U2


U3


D4


D5


S6


U7


U8


D9


D0


S1


Collision of new transmission and non-adaptive retransmission


U3


10ms SPS periodicity


Twointerval offset
= 1ms



_1521046548.vsd
Potential collision of initial transmission and retransmission


eNB


UE


Time


subframe n


subframe n+8


NACK


Initial transmisison data


subframe n+4


Potential collision of initial transmission and retransmission


eNB


UE


Time


subframe n+1


Initial transmisison data


subframe n+9


NACK


subframe n+5



_1298445742.unknown

_1343632054.unknown

_1298445536.unknown

