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1. Introduction

In the last meeting (RAN2#95), most of the discussion about latency reduction feature was completed and the objectives of the WI [1] were fulfilled. However, UE capability indication is still not discussed. In this contribution, we discuss UE capability signaling to support the latency reduction feature. 
2. Discussion
2.1. General
The WI on L2 latency reduction techniques for LTE was approved in RAN#71 [1] with the following objectives:

	· Introduction of short SPS period to allow UL prescheduling
· Reduction of padding in case of dynamic and SPS based UL pre-scheduling to reduce interference and UE power consumption 

· Further discussion and, if concluded, introduction of feedback for SPS activation, reactivation and deactivation command


These objectives were fulfilled by the last RAN2 meeting. In summary, the following are the major elements of the feature agreed to be supported:
	L2 latency reduction element
	Final agreements (partial list)

	Short SPS period 
	Allowed SPS periodicities: 1ms, 2ms, 3ms, 4ms, 5ms

	Short SPS period for TDD
	When SPS interval is less than 10ms in TDD:

· All the subframes including both UL subframes and DL subframes are considered as potential UL SPS subframes. If one UL SPS subframe calculated according to the SPS occasion calculation formula is a downlink subframe or a special subframe, the UE will skip this UL SPS occasion
· The UE does not round the interval down to the nearest integer which is multiple of 10 sub-frames.

· two-intervals-SPS is not enabled for uplink.

	UL grant skipping (reduction of padding)
	Separate configuration of skipping for SPS and dynamic grant. 

If short periodicity (below 10ms) is configured, UL SPS grant skipping is always configured.
If UL SPS grant skipping is configured, SPS implicit release is not supported.

	SPS activation/reactivation/deactivation feedback 
	New SPS confirmation MAC CE for SPS (re)activation and deactivation feedback when skipping padding feature is configured. 

	Prioritization of non-adaptive HARQ retransmission over new transmission 
	Allow and prioritize non-adaptive HARQ retransmissions on SPS resources when short SPS interval is configured.


As short SPS interval is the main basis for latency reduction in the work item, it is reasonable to say that a UE supporting latency reduction feature will support short SPS period. (In other words, UE not supporting short SPS interval but only supporting UL grant skipping is not necessarily called a UE supporting latency reduction.) 
When a UE supports short SPS interval, it is required to support allowing and prioritizing non-adaptive HARQ retransmission on the SPS resources.

Therefore, it is sufficient to have a single capability indication to indicate that the UE 

· supports short SPS interval, and 
· supports allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources.

Observation 1. A UE supporting short SPS interval shall support allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources.

Given that UL grant skipping is configurable separately for SPS grants and dynamic grants, it is possible that a UE may only support UL grant skipping but not support short SPS interval. Or, it may only support dynamic grant skipping, or both. 
Therefore, separate capability indication is required to indicate:

· The UE supports UL SPS grant skipping.

· The UE supports UL dynamic grant skipping.

Further, when a UE supports UL grant skipping for SPS grants, according to the agreements, it shall also support SPS activation/reactivation/deactivation feedback based on new SPS confirmation MAC CE. In addition, it shall also ignore SPS implicit release.

Therefore, a single capability indication is sufficient to indicate that, the UE
· supports UL SPS grant skipping,
· ignores SPS implicit release, and
· supports SPS confirmation MAC CE for activation/reactivation/deactivation feedback.

Observation 2. A UE supporting UL dynamic grant skipping may not necessarily support UL SPS grant skipping and vice-versa.

Observation 3. A UE supporting UL SPS grant skipping shall support SPS confirmation MAC CE for activation/reactivation/deactivation feedback and ignoring SPS implicit release.
Further, the UE supporting the above features may or may not support latency reduction in TDD. A separate indication is required to indicate that latency reduction features is supported in TDD, which means the following are supported:
· The UE supports short SPS interval in case of TDD, 
· The UE skips the SPS UL occasion which falls on the special subframe or downlink subframe, 
· The UE does not round the intervals less than 10ms down to the nearest integer which is multiple of 10 sub-frames, and
· The UE allows and prioritizes non-adaptive HARQ retransmissions on the SPS resources.
Observation 4. A UE supporting latency reduction in TDD shall support short SPS interval for TDD, does not round the intervals less than 10ms  down to the nearest integer which is multiple of 10 sub-frames, support skipping of the SPS UL occasion which falls on the special subframe or downlink subframe and allow and prioritize non-adaptive HARQ retransmission on the SPS resources.
Finally, based on another agreement, when a UE supports short SPS interval (in FDD and TDD), it is required to support UL grant skipping, at least for the SPS grants.

Observation 5. A UE supporting short SPS interval (in FDD and TDD) shall support UL SPS grant skipping.
Based on the above discussion, the following four capability indications are required:

1. Short SPS interval support, 
2. Short SPS interval in TDD support,

3. SPS grant skipping support, and
4. Dynamic grant skipping support. 

In the following table we list the different combinations and possibilities of above capabilities and comment on their validity.
Table 1: Combination of capability bits for latency reduction 
T= True/supported, F = False/absent, X = either T or F (“don’t care”).

	Short SPS interval
	Short SPS interval in TDD
	SPS grant skipping
	Dynamic grant skipping
	Comment

	F
	F
	F
	F
	Valid – UE does not support latency reduction features

	F
	F
	F
	T
	Valid – UE supports skipping dynamic grants

	F
	F
	T
	F
	Valid – UE supports skipping SPS grants and also supports SPS confirmation MAC CE for activation/deactivation

	F
	F
	T
	T
	Valid – UE supports skipping either type of UL grants and also supports SPS confirmation MAC CE for activation/deactivation

	X
	T
	F
	X
	Invalid – UE supporting short SPS for TDD shall support SPS grant skipping

	F
	T
	T
	F
	Valid – UE supports short SPS interval for TDD (and related procedures),  skipping SPS grants and also supports SPS confirmation MAC CE for activation/deactivation, also in TDD

	F
	T
	T
	T
	Valid – UE supports short SPS interval for TDD (and related procedures),  skipping either type of grants and also supports SPS confirmation MAC CE for activation/deactivation

	T
	X
	F
	X
	Invalid – UE supporting short SPS shall support SPS grant skipping

	T
	F
	T
	F
	Valid – UE supports short SPS interval in FDD only,  skipping SPS grants and also supports SPS confirmation MAC CE for activation/deactivation 

	T
	F
	T
	T
	Valid – UE supports short SPS interval in FDD only,  skipping either type of UL grants and also supports SPS confirmation MAC CE for activation/deactivation 

	T
	T
	T
	T
	Valid – all elements of latency reduction supported


Based on the above discussions, we propose: 
Proposal 1. A UE supporting short SPS interval shall support allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources.

Proposal 2. A UE supporting UL SPS grant skipping shall support SPS confirmation MAC CE for activation/reactivation/deactivation feedback and ignoring SPS implicit release.
Proposal 3. A UE supporting latency reduction in TDD shall support short SPS interval for TDD, does not round the intervals less than 10ms  down to the nearest integer which is multiple of 10 sub-frames, support skipping of the SPS UL occasion which falls on the special subframe or downlink subframe and allow and prioritize non-adaptive HARQ retransmission on the SPS resources.
Proposal 4. A UE supporting short SPS interval (in FDD or TDD) shall support UL SPS grant skipping.

We illustrate the required changes in the specification to implement the above proposals in the Annex and provide corresponding CRs in [2] and [3]. We further propose:
Proposal 5. Agree on CRs in [2] & [3] for introducing the UE capability indication for latency reduction.

3. Conclusions
In this contribution, we discussed several aspects of UE capability signaling for latency reduction feature. 

Observation 1.
A UE supporting short SPS interval shall support allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources.
Observation 2.
A UE supporting UL dynamic grant skipping may not necessarily support UL SPS grant skipping and vice-versa.
Observation 3.
A UE supporting UL SPS grant skipping shall support SPS confirmation MAC CE for activation/reactivation/deactivation feedback and ignoring SPS implicit release.
Observation 4.
A UE supporting latency reduction in TDD shall support short SPS interval for TDD, does not round the intervals less than 10ms  down to the nearest integer which is multiple of 10 sub-frames, support skipping of the SPS UL occasion which falls on the special subframe or downlink subframe and allow and prioritize non-adaptive HARQ retransmission on the SPS resources.
Observation 5.
A UE supporting short SPS interval (in FDD and TDD) shall support UL SPS grant skipping.


Based on above observations, we propose RAN2 to agree that:

Proposal 1.
A UE supporting short SPS interval shall support allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources.
Proposal 2.
A UE supporting UL SPS grant skipping shall support SPS confirmation MAC CE for activation/reactivation/deactivation feedback and ignoring SPS implicit release.
Proposal 3.
A UE supporting latency reduction in TDD shall support short SPS interval for TDD, does not round the intervals less than 10ms  down to the nearest integer which is multiple of 10 sub-frames, support skipping of the SPS UL occasion which falls on the special subframe or downlink subframe and allow and prioritize non-adaptive HARQ retransmission on the SPS resources.
Proposal 4.
A UE supporting short SPS interval (in FDD or TDD) shall support UL SPS grant skipping.
Proposal 5.
Agree on CRs in [2] & [3] for introducing the UE capability indication for latency reduction.
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Annex A: TP for RRC Specification 
UE-EUTRA-Capability information element

-- ASN1START

<<skipped>>
UE-EUTRA-Capability-v14xy-IEs ::= SEQUENCE {


laa-Parameters-v14xy



LAA-Parameters-v14xy




OPTIONAL,

nonCriticalExtension



UE-EUTRA-Capability-v14yz-IEs


OPTIONAL
}
UE-EUTRA-Capability-v14yz-IEs :: SEQUENCE {


latRed-Parameters-v14yz



LatRed-Parameters-v14yz




OPTIONAL,

nonCriticalExtension



SEQUENCE {}







OPTIONAL
}

<<skipped>>
LatRed-Parameters-v14yz ::=

SEQUENCE {


shortSPS-Interval-r14



ENUMERATED {supported}

OPTIONAL,


shortSPS-IntervalTDD-r14


ENUMERATED {supported}

OPTIONAL,

spsGrantSkipping-r14



ENUMERATED {supported}

OPTIONAL,

dynamicGrantSkipping-r14


ENUMERATED {supported}

OPTIONAL

}

<<skipped>>
-- ASN1STOP

	UE-EUTRA-Capability field descriptions
	FDD/ TDD diff

	dynamicGrantSkipping

Indicates whether the UE supports skipping UL transmissions for an uplink grant other than a configured uplink grant if no data is available for transmission in the UE buffer as described in TS 36.321 [6].
	-

	shortSPS-Interval
Indicates whether the UE supports uplink SPS intervals shorter than 10ms, and allowing and prioritizing non-adaptive HARQ retransmissions on the SPS resources. A UE supporting shortSPS-Interval shall support spsGrantSkipping.
	-

	shortSPS-IntervalTDD

Indicates whether the UE supports latency reduction features in TDD mode, i.e., support SPS intervals shorter than 10ms for TDD, does not round the intervals less than 10ms down to the nearest integer which is multiple of 10 sub-frames, skips the SPS UL occasion which falls on the special subframe or downlink subframe and allows and prioritizes non-adaptive HARQ retransmission on the SPS resources. A UE supporting shortSPS-IntervalTDD shall support spsGrantSkipping.
	-

	spsGrantSkipping

Indicates whether the UE supports skipping UL transmissions for a configured uplink grant if no data is available for transmission in the UE buffer, ignores SPS implicit release, and SPS confirmation MAC CE for activation/reactivation/deactivation feedback as described in TS 36.321 [6]. A UE supporting shortSPS-Interval or shortSPS-IntervalTDD shall support spsGrantSkipping. 
	-


Annex B: TP for TS 36.306 
4.3.xx
Latency reduction parameters

4.3.xx.1
dynamicGrantSkipping-r14
This field indicates whether the UE supports skipping UL transmissions for an uplink grant other than a configured uplink grant if no data is available for transmission in the UE buffer as described in TS 36.321 [4].

4.3.xx.2
shortSPS-Interval-r14
This field indicates whether the UE supports uplink SPS intervals shorter than 10ms. If a UE supports short SPS intervals, it shall allow and prioritize non-adaptive HARQ retransmissions on the SPS resources. A UE supporting shortSPS-Interval shall also support spsGrantSkipping-r14.

4.3.xx.3
shortSPS-IntervalTDD-r14
This field indicates whether the UE supports latency reduction features in TDD mode, i.e., support SPS intervals shorter than 10ms for TDD. If the UE supports shortSPS-IntervalTDD-r14, it does not round the SPS intervals less than 10ms down to the nearest integer which is multiple of 10 sub-frames, it skips the SPS UL occasion which falls on the special subframe or downlink subframe, and it allows and prioritizes non-adaptive HARQ retransmission on the SPS resources. A UE supporting shortSPS-IntervalTDD-r14 shall support spsGrantSkipping-r14.
4.3.xx.4
spsGrantSkipping-r14
This field indicates whether the UE supports skipping UL transmissions for a configured uplink grant if no data is available for transmission in the UE buffer as described in TS 36.321 [4]. The UE supporting spsGrantSkipping-r14 shall ignore SPS implicit release, and support SPS confirmation MAC CE for activation/reactivation/deactivation feedback. Supporting spsGrantSkipping-r14 is mandatory for the UE supporting short SPS intervals (indicated by shortSPS-Interval-r14 or shortSPS-IntervalTDD-r14). 

1
1

