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1 Introduction

WI on L2 latency reduction was agreed in RP-160667 with the following objectives.

[image: image1.emf]4.1   Objective   of SI or Core part  WI  or Testing part   WI   The objective of this  w ork  i tem is   to specify L2 latency enhancements as identified in RAN2 :       Introduction of short SPS period to allow UL prescheduling      Reduction of padding in case of dy namic 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  


This contribution discusses the second bullet with the the following issues. 
· Padding avoidance i.e. muting for SPS grant or for dynamic grant

· HARQ retransmission handling
· Implicit release of SPS grant for prescheduling
2 Discussion

Dynamic grant vs. Configured grant

For prescheduling to be an efficient solution, the number of UEs for prescheduling should be high enough. The limiting factor in that regard is PDCCH for dynamic grant and is PUSCH for configured grants. It is briefly analysed below in the table.
<Table 1>

	Prescheduling capacity with dynamic grant/resource 
	Prescheduling capacity with configured grant/resource

	PDCCH is limiting factor

In 20 MHz system bandwidth cell, 88 CCEs are available (PDCCH region of 3 OFDM symbols);

Assuming half of CCEs are used for UL grants, 44 CCEs could be used for UL grants.

If aggregation level is in average 4, 11 UEs can be scheduled every TTI.

Prescheduling capacity = 11 
	PUSCH is limiting factor

In 20 MHz system bandwidth cell, 100 PRBs are available;

Assuming 10 PRBs are used for PUCCH, 90 PRBs could be used for prescheduling. 

If one PRB is allocated for prescheduling to each UE, 90 UEs can be scheduled every TTI.

Prescheduling capacity = 90


Observation 1: Prescheduling with configured uplink grant is better than prescheduling with dynamic uplink grant in terms of capacity/scalability

As indicated in [1], prescheduling with configured grant further reduces the delay comparing to prescheduling with dynamic grant. With the dynamic grant, UE starts MAC PDU building only after the UL grant is received and the uplink transmission follows the conventional timeline. If uplink data arrives at n-1, the uplink transmission takes places at n+4 even if UE finishes MAC PDU building earlier. It is not the case for configured grant because UE knows in advance that uplink grant will be available. If UE completes MAC PDU building at n+1, uplink transmission can take place at the very next subframe i.e. n+2.    

Observation 2: Prescheduling with configured uplink grant is better than prescheduling with dynamic uplink grant in terms of delay performance

Above two observations suggest that configured resource is more suitable for prescheduling than dynamic resource. Then a logical conclusion would be muting be applied at least to the configured grant. 

Proposal 1: muting is applied to the uplink transmission on the configured uplink resource.

During the Release 13 study, it was turned out that applying muting to dynamic grant has some supports in a ground that applying muting to dynamic grant still brings gain comparing to no muting. In our view, muting to dynamic grant is not better than muting to SPS in any aspect. The only reason if we allow it would be that there would be no additional cost in doing so. In line with such argument, we believe muting to dynamic grant could be allowed only if no further enhancement will be pursued.
Proposal 2: RAN2 agree to apply muting to the uplink transmission on the dynamic uplink resource and agree to the principle that further enhancements on muting to dynamic grants are de-prioritized.

Proposal 3: Muting for the configured grant and muting for the dynamic grant are configured independently by a RRC signalling.
HARQ retransmission handling

With the short SPS intervals like 1 ms or 2 ms, configured uplink grant for initial transmission can collide with retransmissions. In the current specification the configured grant for the initial transmission takes precedence to the retransmission which is logical because sufficient retransmission can be performed between two adjacent initial transmissions. It is not the case for prescheduling where another initial transmission comes right after the previous one, but most of the configured uplink grant for initial transmission is not used due to lack of new data. In such circumstances (i.e. configured uplink grant occurs when no data is available for new transmission), performing retransmission would be more appropriate.

It can be achieved if initial transmission is not triggered when there is no data available for transmission. We will discuss in the following if update is needed for the current specification to capture such behaviour. 
UE behaviour w.r.t uplink transmission in the current specification is modelled as in table 2.

<Table 2>

	Section
	Behaviour
	Note

	5.4.1 UL Grant reception
	· General behaviour

· NDI determination

· Deliver the uplink grant and HARQ information to HARQ entity

· SPS related behaviour

· Release or (re)initialize the configured uplink grant 

· Consider NDI to have been toggled if uplink grant is configured
	1. Retransmission is not impacted if NDI is not toggled when no data is available for transmission. 
2. Retransmission is not impacted if MAC PDU is not obtained when no data is available for transmission.

	5.4.2.1 HARQ entity
	· If NDI has been toggled

· Obtain MAC PDU and instruct new transmission

· If NDI has not been toggled

· Instruct adaptive retransmission

· If HARQ buffer is not empty

· Instruct non-adaptive retranmission
	3. 

	5.4.2.2 HARQ process
	· Generate a transmission
	Not relevant


The desirable UE behaviour is that the initial transmission is not triggered /performed when there is no data available for transmission. It is actually the very basic operation of muting; hence no additional specification seems required to capture that UE does not trigger initial transmission when there is no data available for transmission. 
Observation 1: No further specification other than what is required for muting itself is needed to capture the UE behaviour about retransmission.

As shown in the table 2, there are two possible ways to specify such behaviour; either by restricting NDI toggling or by restricting MAC PDU generation. We don’t have strong preference at the moment. RAN2 can decide it with the corresponding CRs on the table in the future meetings.
Implicit release
Implicit release is triggered when MAC PDU containing zero MAC SDU is transmitted implicitReleaseAfter consecutive times. If muting is configured, MAC PDU containing zero MAC SDU is not transmitted unless there is MAC CE like PHR. In principle, SPS configured for prescheduling shouldn’t be implicitly released just because it has not been used very long time. It would be bad if SPS is released when MAC PDU containing only e.g. PHR is transmitted over configured resource. There would be two types of approaches to avoid unintended release.

1) UE ignores implicitReleaseAfter if prescheduling is intended (i.e. if skipUplinkTx is configured)

2) ENB configures highest value (i.e. e8) for implicitReleaseAfter if prescheduling is intended

It is unlikely MAC PDU containing only MAC CE is transmitted 8 times in row. In that sense, ENB based option seems good enough. 

Proposal 4: To confirm that there is no need to enhance the implicit release mechanism for muting operation
3 Conclusion

In this contribution, followings are proposed. 

Proposal 1: muting is applied to the uplink transmission on the configured uplink resource.
Proposal 2: RAN2 agree to apply muting to the uplink transmission on the dynamic uplink resource and agree to the principle that further enhancements on muting to dynamic grants are de-prioritized.

Proposal 3: Muting for the configured grant and muting for the dynamic grant are configured independently by a RRC signalling.

Proposal 4: To confirm that there is no need to enhance the implicit release mechanism for muting operation.
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