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1 Introduction

Last RAN2 meeting made following agreements.

	Agreements
1
It is beneficial to allow UEs to skip (most) dynamic and configured uplink transmissions if no data is available for transmission (the UE still sends the regular MAC CE, if any). The eNB may enable this by RRC dedicated signalling.

2
A shorter SPS interval (1 TTI) should be supported


One open issue is to which resource between SPS resource and dynamic resource ‘Skipping uplink transmission if no data is available for transmission’ (hereafter denoted as muting) should be applied. 

Three options that can be considered are;

· Option 1: Applying muting only for dynamic scheduling

· Option 2: Applying muting only for Semi-Persistent Scheduling

· Option 3: Applying muting for both dynamic scheduling and SPS

This contribution aims to resolve the open issue and further details on the solution.  
2 Discussion

For prescheduling to be an efficient solution, the number of UEs that can enjoy the prescheduling should be high enough. For prescheduling with dynamic grants, the limiting factor is PDCCH while it is PUSCH for prescheduling with 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 in 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 shall be applied to SPS.
Proposal 1: muting is applied to the uplink transmission on the configured uplink resource.
If muting on dynamic resource is coming free without additional complexity, there is no reason to exclude it. But there seem some issues for discussion as below; 

· To maintain uplink power control loop properly, it would be good to have uplink transmission from time to time even if there is no data for transmission. If muting is applied for SPS, it would be better not mute the transmission on the dynamic resource.

· As indicated in [2], additional mechanism like prohibit-timer may be needed if muting is applied to dynamic resource as well.
Proposal 2: muting is not applied to the uplink transmission on the dynamically allocated uplink resource.

An explicit indication is required to enable muting. If muting is applied only to SPS, it is more logical to place the indication under the SPS configuration IE.

Proposal 3: An explicit indication is introduced to enable muting under the SPS-config IE.
For the second agreement on the shorter SPS interval, the first question is how many and which new values should be defined. 1 ms interval is definitely necessary. Interval longer than 5 ms may not bring significant gain in terms of latency reduction hence less desirable. Defining 1 ms, 2 ms and 4 ms seems a good starting point. 

Proposal 4: Introducing sf1, sf2 and sf4 as new uplink intervals.

The next question is how to signal shorter interval; i.e. via introducing new IE or via using spare values. semiPersistSchedIntervalUL has six spare values which seems sufficient for three new intervals.
Proposal 5: Using the spare values in semiPersistSchedIntervalUL for new uplink intervals.
3 Conclusion
Following three proposals are made;
Proposal 1: muting is applied to the uplink transmission on the configured uplink resource.

Proposal 2: muting is not applied to the uplink transmission on the dynamically allocated uplink resource.

Proposal 3: An explicit indication is introduced to enable muting under the SPS-config IE.

Proposal 4: Introducing sf1, sf2 and sf4 as new uplink intervals.

Proposal 5: Using the spare values in semiPersistSchedIntervalUL for new uplink intervals

RRC CR is provided in [3] and MAC CR in [4].
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