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1 Introduction

In the E-UTRAN uplink, a semi-persistent scheduling scheme has been adopted [1], but not yet captured in 36.321 [2], where the UE can have a default resource allocation for some initial transmissions of data packets. Dynamic scheduling can also be used, whereby the UE receives a resource allocation indicated by the L1/L2 control channels for retransmissions or initial packet transmissions.  

This document discusses the control of the UL scheduling for transmissions and retransmissions. 

2 Operation of UL Scheduling

The UE has to monitor the L1/L2 control information to decode and detect if its own C‑RNTI is present. This is required because when the network allocates UL resources it sends a Resource Allocation (RA) on the L1/L2 downlink control channels: any default allocation of time and frequency resource may be overridden by a new allocation signalled in the L1/L2 control channel, or the L1/L2 control channel may be used to schedule uplink resources in response to a request from the UE. 

The resource allocation would contain an indication of the frequency resource and the Modulation Coding Scheme (MCS) that the UE should use for the uplink transmission; it would also indicate the redundancy version to be used, and thus whether the transmission is a first transmission or a retransmission. The timing of the uplink transmission will be a fixed time offset from the reception of the L1/L2 downlink control information. 

Although a HARQ ACK/NACK channel will be provided by the physical layer, it has been agreed in RAN1 that explicit ACK/NACK transmission is not needed when the ACK/NACK information is implied by the redundancy version indicated by the resource grant. This has been proposed for both dynamically- and (semi-)persistently-scheduled UEs:

· If the UE receives L1/L2 control signalling which schedules UL resources for a retransmission (i.e. with RSN
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0), “NACK” is assumed.  

· If the UE does not receive any L1/L2 control signalling, it will assume “ACK” (i.e. the packet was received successfully by the eNB).

Note, however, that it has been agreed that it may be possible to persistently-schedule resources for UL retransmissions as well as for initial transmissions:

“E-UTRAN can allocate a predefined uplink resource for the first HARQ transmissions and potentially retransmissions to UEs. … Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel” [1] 

If the network does allocate predefined uplink resources for retransmissions, implicit NACK is still possible; in this case the UE assumes “NACK” if it does not receive any L1/L2 control signalling. However, in order to prevent the UE carrying out a retransmission when the packet was received correctly, it is necessary to send cancel the UL persistent resource allocation for the retransmission. This could be done by sending a “zero allocation” message on the L1/L2 control channel, or by sending an explicit ACK on the ACK/NACK channel which could be interpreted as “zero allocation”. 

This is summarised in the table below:

	Scheduling method
	ACK indication method
	NACK indication method

	1st transmission
	Retransmissions
	
	

	Explicit / dynamic (PDCCH)
	Explicit / dynamic (PDCCH)
	If a new packet follows, indicated by IRV=0 in resource grant.

If no new packet follows, indicated by absence of new resource grant
	Indicated by IRV>1 in resource grant.

	Pre-defined / persistent
	Explicit / dynamic (PDCCH)
	
	

	Pre-defined / persistent
	Pre-defined / persistent
	Explicit ACK needed to cancel retransmission resource grant.
	Indicated by absence of explicit ACK. 


3 “Zero allocation” L1/L2 Control Signal

Our proposal is therefore that the network can signal that the corresponding uplink radio resource should not be used (i.e. that there is no uplink resource allocation in the corresponding uplink subframe), by sending an explicit message which can be interpreted as “zero allocation”.

In cases when persistent scheduling is used for retransmissions (i.e. default resources are configured for a retransmission to be sent a certain time interval after an initial transmission), the scheduled default resources would not be needed if the base station successfully decodes the packet after the initial transmission, it is therefore beneficial for the base station to be able to send a “zero allocation” message to the UE to cancel the default allocation for the retransmission(s) and prevent the UE from wasting power sending an unnecessary retransmission. The uplink resources can instead be assigned to another UE.

A “zero allocation” message could have a further use in the case of an initial transmission of a packet for which a default resource allocation (usually periodic) is already configured: the “zero allocation” message could be used to enable the network to reassign the resources in that particular TTI to another UE which might have higher-priority data or be able to make more effective use of the radio resources. For this purpose the “zero allocation” message should be sent on the L1/L2 control channel (PDCCH). The effect on the UE receiving the “zero allocation” message would be that the expected transmission of UL data is delayed until a later opportunity – either the next default allocation (possibly using bundling with another packet), or another occasion in response to a later resource allocation on the L1/L2 control channel. 

In the case of a request from the UE for uplink transmission resources, a “zero allocation” message would enable the network to acknowledges that the request has been received but indicate to the UE that no resources are available for the time being. The time when the UE could try again to request resources, or the time when the UE should monitor the L1/L2 control channel again, could be configured to be one or multiple TTIs later than the TTI corresponding to the indication of “zero” allocation, or could be indicated in the “zero allocation” message itself. This sending of the “zero” allocation avoids the UE unnecessarily repeating its resource request when none are available. 

In figure 1 below, we show an example of the UE is operating with a configured persistent schedule. At TTI4, a “zero allocation” message is sent on the L1/L2 control channel to indicate that the UE should not transmit in any UL resources (default or signalled). The next default allocation is unaffected. 
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Figure 1 L1/L2 control channel sending "zero allocation"

As indicated previously, the network “zero allocation” signal can also be sent in response to the UE making a request for UL resources. In this case the use of the “no allocation” signal allows the request to be acknowledged by the network, thus avoiding the UE unnecessarily repeating the request through a misapprehension that the request had not been received. The “zero allocation” message may include an indication of a time offset when UL resources will be available, or an indication of a time offset after which the UE may resend its request. 

4 Conclusions

In order to maximise the re-use of radio resources in the uplink and downlink we propose that the network can signal that the uplink radio resource should not be used (i.e. that there is no uplink resource allocation in the corresponding uplink subframe), by sending a “zero allocation” L1/L2 control signal.

The “zero allocation” message is useful in the following circumstances:

· To cancel a persistent resource allocation for an initial transmission;

· In response to the UE making a request for UL resources: to allow the request to be acknowledged by the network, thus avoiding the UE unnecessarily repeating the request through a misapprehension that the request had not been received;

· In the case of persistently-scheduled resources for uplink retransmissions, where the “zero allocation” message can be sent if the first transmission is successfully decoded, to avoid unnecessary retransmissions; in this case the “zero allocation” message could take the form of an explicit “ACK” on the ACK/NACK channel.

5 Text Proposal to 36.321

Currently, there is no text in 36.321 for the already agreed stage 2 decision to have a persistent scheduling scheme. A text proposal for this [4] was distributed but not discussed at the last meeting. We propose to accept this text proposal and add text for the “zero allocation” L1/L2 control signal below.

5.4.1
UL Grant reception

Editor’s note:
This subclause describes the procedure for handling reception of UL scheduling grants.

Editor’s note:
For TDD, more than one uplink grant may need to be signalled in one TTI. Demultiplexing/decoding of such uplink grants is done by L1.

Editor’s note:
Mapping of uplink grants received on [SCCH] onto the TTIs for which they are valid is done by L1.

The UE shall for each TTI:

-
If an uplink grant for this TTI has been received on the [SCCH]; or

-
if an uplink grant for this TTI has been received in a Random Access Response:


-
Indicate a valid uplink grant and the associated HARQ information to the HARQ entity for this TTI;
-
else, if an uplink grant for this TTI has been configured by upper layers:

-
Indicate an uplink grant, valid for new transmission, and the associated HARQ info to the HARQ entity for this TTI;
- 
If a “zero allocation” control signal is received on the [SCCH] then there is no uplink resource allocation in the corresponding uplink subframe.
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�The “else” clause is to ensure that a ‘dynamic’ grant supersedes a ‘configured’ grant (Author’s comment).
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