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1. Introduction

At RAN#71, a new WI on L2 latency reduction techniques for LTE was approved [1] . In the last meeting RAN2#94, one of the agreements was

	Agreements:

· Allow and prioritize non-adaptive retransmissions on SPS resources


During the email discussion for TS 36.321 running CR [2], it was recognized that a condition is needed when to allow and prioritize non-adaptive retransmissions on SPS resources. Therefore in the running CR, following identifier was used with the intention of replacing with actual conditions and details after discussion and decision in RAN2#95. 

[skipUplinkTxSPS, semiPersistSchedIntervalUL <sf10]
In this contribution, we provide some options for the actual conditions to replace the above identifier with some details as it was not discussed in detail in the last RAN2 meeting. 
In RAN2#94, RAN2 also made the following working assumption
Working assumption 

- Non-adaptive retransmissions are done based on RV0.  FFS if anything additional is needed
We clarify that this working assumption is only applicable when UL grant skipping is configured, because that is when the potential problem of eNB not being able to properly combine retransmissions with different RVs arises. 
2. Discussion
2.1. Condition for non-adaptive retransmission on SPS grant
RAN2 discussed the potential issue of retransmissions colliding with new transmissions in case of short SPS periods, and recognized that such collision problem exists. It was agreed in RAN2#94 that non-adaptive retransmissions will be allowed and prioritized on SPS resources.
During the email discussion for TS 36.321 running CR [2], it was also discussed that a condition is needed when to allow and prioritize non-adaptive retransmissions on SPS resources, because allowing this unconditionally for all traffic may have backward compatibility issue as well as dis-beneficial for some conventional traffic for which SPS was originally intended, such as VoIP where on-time delivery may be more crucial than reliability. 

It was further noted during the email discussion [2] that “the actual condition and details need further discussion, for example if a new (general) IE for non-adaptive retransmission independent of the interval handling is to be used instead; or if coupling the retransmission handling to skip padding only (as in the previous version distributed) is seen sufficient. The details and possible down selection of options should be decided in the next meeting”.

2.1.1. Possible solutions 
It may be dis-beneficial to allow non-adaptive retransmission on configured UL grants for some conventional traffic for which SPS was originally intended, such as VoIP where on-time delivery may be more crucial than reliability. Additionally, allowing this unconditionally may have backward compatibility issue. That is, if the UE is implemented based on this proposal but network is implemented based on previous version of the specification, there may be ambiguity (the UE may send HARQ retransmission but network may expect new transmission).

Firstly, we think the condition should not be tied to “UL skipping”. We think that allowing/prioritizing non-adaptive retransmissions has no relationship with allowing/disallowing UL skipping, given that short SPS interval (which is the major reason to require non-adaptive retransmission on SPS resources) is not linked directly with UL skipping. 
Observation 1. The condition to allow/prioritize non-adaptive retransmission on SPS resources should not depend on “UL skipping”.

The following options can be discussed for the condition:

Option 1: Allow and prioritize non-adaptive retransmission on configured UL grants only for SPS intervals below a certain threshold (e.g., for intervals below 10 TTI) 
Option 2: Allow non-adaptive retransmission on configured UL grants only for certain types of traffic, (e.g., do not allow HARQ retransmissions on SPS resources for VoIP, but allow it for traffic requiring high reliability) 
Option 3: Allow and prioritize non-adaptive retransmission on configured UL grants if configured by RRC (e.g., using Boolean parameter nonAdaptiveRetrans-vXXYY in SPS-ConfigUL)
Since the currently possible minimum SPS interval is 10 TTI, option 1 can be backward compatible as long as the threshold is 10 TTI or less (i.e., non-adaptive retransmission on configured UL grants only for SPS interval less than 10 TTI). However, this option cannot enable non-adaptive retransmission on configured UL grants for existing SPS intervals as there may be backward compatibility issue. Note that RAN2 agreement to allow and prioritize non-adaptive retransmissions on SPS resources is not specific to short SPS interval. 
Observation 2. RAN2 agreement to allow and prioritize adaptive retransmissions on SPS resources is not specific to short SPS intervals. Option 1 cannot fully implement the agreement without backward compatibility problem.

Additionally, option 1 means that if a UE is configured with SPS interval below 10 TTI, there is no possibility to prioritize new transmission over non-adaptive retransmissions. Note that there may be use cases where short SPS intervals may be useful not necessarily only for latency reduction purposes but due to requirement of UL resources more frequently. For example, UL live streaming from a smartphone or a video call may benefit from short SPS interval (below 10ms) where it may be better to allow for new transmission instead of HARQ retransmission. 
Option 2 provides possibility to differentiate in terms of traffic type, e.g., do not allow HARQ retransmissions on SPS resources for VoIP, but allow it for traffic requiring high reliability. However, differentiating traffic type is not straightforward and given that multiple types of traffic can be multiplexed by MAC, this option may not be preferable at this stage due to specification impacts.

Option 3 is the most straightforward and more versatile than other options. This can enable allowing/not allowing non-adaptive retransmissions on SPS resources on case-by-case basis as the network desires/decides. A configurable Boolean parameter is introduced in SPS-ConfigUL which is used to decide whether the MAC entity should allow and prioritize non-adaptive retransmissions on SPS resources. Compared to option 1, this option has the additional benefit of possibility to allow/prioritize non-adaptive retransmissions even for existing SPS intervals (not only short SPS intervals), which is consistent to RAN2 agreement to “Allow and prioritize non-adaptive retransmissions on SPS resources”.
To illustrate the specification impact, in the annex, we provide TP for RRC specification [3] to enable option 3. We notice that specification impact is minimal for this option.
Observation 3. Allowing and prioritizing non-adaptive retransmission on configured UL grants using RRC configuration is most versatile option with minimal specification impact.

Based on the above discussions, we propose:

Proposal 1. The condition to allow/prioritize non-adaptive retransmission on SPS resources does not depend on “UL skipping”.

Proposal 2. Boolean parameter for allowing and prioritizing non-adaptive HARQ retransmission on configured UL grants is introduced as shown in Annex.
2.2. Discussion on working assumption: RV0 based retransmission
In RAN2#94, different companies described a potential problem with non-adaptive retransmission when “UL grant skipping” is allowed, i.e., “because of the skipping the eNB doesn’t know if the UE transmitted anything before and if it didn’t detect anything before it can’t do combining” [4] with different RVs. RAN2 made a working assumption that “Non-adaptive retransmissions are done based on RV0.  FFS if anything additional is needed”. 
This working assumption was taken to tackle a potential problem related to UL grant skipping in general, not necessarily related to SPS grants only. LS was sent to RAN1 to confirm whether RAN1 has any issue with this assumption. If RAN1 confirms that RV0 is required in such case and there is no significant performance degradation issue of using RV0, then RV0 should apply for non-adaptive retransmissions “only when UL skipping is allowed” regardless of whether that non-adaptive retransmission is on resources indicated by SPS grant or on an implicit retransmission grant (i.e., where the initial PUSCH transmission was based on a dynamic grant). Additionally, it should not be applied to all non-adaptive retransmissions unconditionally as that changes the legacy behaviour and diminishes the HARQ gain. This was not the intention and not agreed by RAN2 yet.
Furthermore, given that short SPS interval (which is the major reason to require non-adaptive retransmission on SPS resources) is not linked directly with UL skipping, it is not necessarily the case that all non-adaptive retransmissions for SPS resources need RV0. 

Observation 4. Working assumption of non-adaptive retransmissions based on RV0 was intended for retransmissions when UL-skipping is allowed, not necessarily for all non-adaptive retransmissions only on SPS grants.

Proposal 3. Clarify the previous working assumption that if RAN1 has no concerns, non-adaptive retransmissions are done based on RV0 when UL skipping is configured.

3. Conclusions
In this contribution, we discussed several aspects of allowing and prioritizing non-adaptive HARQ resources on SPS grant. Following are our observations: 
Observation 1.
The condition to allow/prioritize non-adaptive retransmission on SPS resources should not depend on “UL skipping”.
Observation 2.
RAN2 agreement to allow and prioritize adaptive retransmissions on SPS resources is not specific to short SPS intervals. Option 1 cannot fully implement the agreement without backward compatibility problem.
Observation 3.
Allowing and prioritizing non-adaptive retransmission on configured UL grants using RRC configuration is most versatile option with minimal specification impact.
Observation 4.
Working assumption of non-adaptive retransmissions based on RV0 was intended for retransmissions when UL-skipping is allowed, not necessarily for all non-adaptive retransmissions only on SPS grants.


Based on above observations, we provided various possible options as well as illustration of specification impact in the form of TP for RRC specification in the annex. We propose:
Proposal 1.
The condition to allow/prioritize non-adaptive retransmission on SPS resources does not depend on “UL skipping”.
Proposal 2.
Boolean parameter for allowing and prioritizing non-adaptive HARQ retransmission on configured UL grants is introduced as shown in Annex.
Proposal 3.
Clarify the previous working assumption that if RAN1 has no concerns, non-adaptive retransmissions are done based on RV0 when UL skipping is configured.
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Annex: TP for RRC Specification for Option 3
–
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



]],



[[
numberOfConfUlSPS-Processes-r13


INTEGER (1..8)

OPTIONAL
-- Need OR



]] ,



[[
nonAdaptiveRetrans-vXXYY

BOOLEAN 
OPTIONAL

-- Need ON



]]

}

}

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.

	nonAdaptiveRetrans

TRUE indicates that non-adaptive HARQ retransmission is allowed on UL grant configured by this SPS configuration, as specified in TS 36.321.

	numberOfConfSPS-Processes

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

	numberOfConfUlSPS-Processes
The number of configured HARQ processes for uplink Semi-Persistent Scheduling, see TS 36.321 [6]. E-UTRAN always configures this field for asynchronous UL HARQ. Otherwise it does not configure this field.

	p0-NominalPUSCH-Persistent

Parameter: 
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P

. 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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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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. 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.

	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.
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