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1.
Introduction 

The current Stage 2 includes the following text on scheduling for the uplink. 

11.1
Basic Scheduler Operation

“……….
Radio resource allocations can be valid for one or multiple TTIs.

Resource assignment consists of physical resource blocks (PRB) and MCS. Allocations for time periods longer than one TTI might also require additional information (allocation time, allocation repetition factor…)…….
………………..

11.1.2
Uplink Scheduling

In the uplink, E-UTRAN can dynamically allocate resources (PRBs and MCS) to UEs at each TTI via the C-RNTI on L1/L2 control channel(s). A UE always monitors the L1/L2 control channel(s) in order to find possible allocation for uplink transmission when its downlink reception is enabled (activity governed by DRX).

In addition, E-UTRAN can allocate a predefined uplink resource for the first HARQ transmissions and potentially retransmissions to UEs. In the sub-frames where the UE has been pre-assigned resource, if the UE cannot find its C-RNTI on the L1/L2 control channel(s), an uplink transmission according to the pre-defined allocation that the UE has been assigned in the TTI can be made. The network performs decoding of the pre-defined PRBs according to the pre-defined MCS. Otherwise, in the sub-frames where the UE has been pre-assigned resource, if the UE finds its C-RNTI on the L1/L2 control channel(s), the L1/L2 control channel allocation overrides the pre-defined allocation for that TTI and the UE’s transmission follows the L1/L2 control, not the pre-defined allocation. Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel(s) in which case the UE does not follow the pre-defined allocation.

1.1
Open Issues
· Will both L3 and L1/L2 pre-configuration be supported in the specification? 
· How will the onset of new transmissions signaled to the UE? 

· What is included in the contents of an uplink grant? This would have some bearing on the importance of missing the grant with the allocation for the initial allocation. 

· What is the need for self-decodability of an uplink transmission and the RV sequence – is it fixed? or can it be dynamic? Note that in order to support non-adaptive transmissions; the RV sequence would need to be fixed since there is no uplink control channel. 

Also in order to start defining more details on how uplink scheduling works and the UE behavior, it is first necessary to be clear on the requirements:

1. Is it necessary to support both adaptive and non-adaptive behaviors? 
· Adaptive: UE is granted a resource using PDCCH for every retransmission.

· Non-adaptive: UE uses the same resource for retransmission as for the initial transmission and no PDCCH is transmitted separately for retransmissions 
2. If so, is the adaptive nature of the scheduling mechanism a dynamic attribute or semi-static attribute? Is this an attribute of the radio bearer or of the UE (i.e. all radio bearers)?
· Switching between non-adaptive and adaptive retransmissions can be done in a semi-static manner using L3 signaling.  Either on a UE basis or on a radio bearer basis, the UE is signaled whether it should expect to receive L1/L2 control signaling for retransmission resource allocation or whether it shall use the resource used for the initial transmission and not look for L1/L2 control signaling.

· Alternately, making the adaptive/non-adaptive nature of retransmissions a dynamic attribute provides more scheduler flexibility. Dynamic switching between adaptive and non-adaptive retransmissions can be achieved by using the presence or absence of PDCCH as a trigger. 

1.2
Local HARQ-ARQ interactions

On a slightly different note, there has been strong interest in supporting optimizations such as local NACK. This scheme allows the transmitter to be made aware of successful packet transmission faster thereby leading to a quicker ARQ retransmission turn-around time. The error conditions that need to be dealt with in terms of local NACK are the following:


1. HARQ incorrectly decodes a NACK as an ACK (1e-3 – 1e-4). In this case, the HARQ would indicate to the RLC ARQ that the packet has been successfully transmitted; however, RLC ARQ in case of AM mode should base decisions of retransmissions based on RLC Status reports. No packet is lost in this case. 

2. HARQ incorrectly decodes an ACK as a NACK. In this case RLC ARQ could incorrectly cause a retransmission. A packet is not lost n this case; however, radio resources are inefficiently used. 

While it is important to ensure that EUTRA supports optimizations that lead to faster retransmissions of unsuccessful packet transmissions, it is more critical to ensure that first the basic scheduling mechanism be robust and that radio resources are efficiently utilized.

2.
Non-adaptive vs. Adaptive Scheduling

In case of adaptive scheduling the UE requires the reception of a scheduling grant in order to transmit both an initial transmission and a retransmission. Thus a PDCCH is always sent. However, as has been demonstrated before it is essential to optimize the use of control channels in order to achieve the peak throughput targets in EUTRA. In the absence of any optimized PDCCH signaling mechanism such as group grants, etc. it is now essential to be able to support non-adaptive scheduling, wherein the UE retransmits a packet using previously configured resources. Use of non-adaptive scheduling would help in reducing the overall need for control channels while simultaneously increasing the reliability of the control channels that are being transmitted. In particular, given the absence of optimized signaling, the use of non-adaptive scheduling allows efficient “signaling” for the case of cell edge users. Thus non-adaptive scheduling is now required to be supported in EUTRA.
However, using only non-adaptive scheduling for retransmissions will limit scheduler flexibility. For example, if resources in the system are shared between persistent and non-persistent UEs, then in case of early termination of a HARQ process, unused resources cannot be efficiently allocated to other UEs. Allowing dynamic scheduling of retransmissions (when required) will help in resolving such resource re-assignment conflicts.
Hence we believe it is important to support both adaptive and non-adaptive scheduling in EUTRA.

3.
L3 or L1/L2 pre-configuration

The analysis in this document applies to both L3 and L1/L2 pre-configuration of resources. If it is agreed that every new transmission requires the reception of a grant from the network, then the error conditions (loss of spectral efficiency) resulting from the loss of a single grant can be reduced. In this case, L1/L2 (PDCCH) can be used for pre-configuration of resources for both initial transmission and retransmissions of a packet. If it is desired to have a pre-configuration valid for an extended duration beyond a single packet transmission for e.g., then L3 signaling is desirable. L3 signaling might be desirable for pre-configuring radio resources for UEs in challenging radio environments.

4.
Proposed UE behavior 

It would be preferable if the overall scheduling mechanism can be supported using a common set of rules without the requirement of any L3 pre-configuration of adaptive vs. non-adaptive transmissions. This would give the network scheduler additional flexibility to configure radio resources for a UE based on the current radio conditions. The table below captures the proposed UE behavior that supports both adaptive and non-adaptive scheduling.
It is assumed that there is a PHICH channel transmitted to support the scheduler. The UE identifies the PHICH to be used based on L3 configuration as in the case of L3 pre-configuration of resources, or based on a mapping of scheduling grant to a PHICH resource. In the latter case, the mapping is based on scheduling grant transmitted on the PDCCH for an initial packet transmission in a prior TTI/sub-frame.  

Table 1 below highlights the various combinations on the PDCCH (SG is scheduling grant sent on the PDCCH) and the PHICH, and the associated UE behavior.
	SG on PDCCH
	PHICH
	UE Behavior
	Comments

	SG detect NDI = new
	ACK
	NewTX
	

	SG detect
 NDI = old
	ACK
	AdaptiveReTx

	PHICH is set to ACK even when scheduling a retransmission. This ensures that UE will not retransmit erroneously if PDCCH is lost

	no SG detect
	ACK
	DTX

	UE DTXs and stores current packet in its buffer. UE will not perform any further non-adaptive retransmissions for the current packet.

	no SG detect
	NACK
	Non-adaptiveReTx
 (only under certain conditions)
	UE will make a non-adaptive retransmission only if hasn’t received a prior ACK (without SG detect) transmission for that packet.

	SG detect 
NDI = new
	NACK
	NewTX

(detect that ACK(NACK error occurred)
	Error Condition. Should not occur during normal operation. Note, probability of ACK( NACK error is less than 0.1%

	SG detect 
NDI = old
	NACK
	AdaptiveReTx

(detect that ACK(NACK error occurred)
	Error Condition. Should not occur during normal operation. Note, probability of ACK( NACK error is less than 0.1%


Table 1 - UE behavior based on signaling on PDCCH and PHICH 

As seen from the table if the UE receives both PHICH and PDCCH successfully then, since the signaling on the PDCCH is more reliable, it uses the information in PDCCH to transmit a new or re-transmission. On the other hand if the UE does not detect any signaling on PDCCH, either because the signaling was lost (1e-2 probability), or because eNodeB chose not to send any signaling, the UE can then use PHICH to make a decision on whether to re-transmit or not. The table also ensures that UE behavior takes into account the fact that PDCCH grant detection is not very reliable and, PHICH detection is more reliable than the PDCCH detection
.
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Figure 1  - Error condition due to loss of grant, NACK on PHICH

Figure 1 illustrates one error condition that the above described behavior avoids. Since it is possible for the UE to have missed the PDCCH grant with relatively high probability, if a NACK is transmitted on the PHICH concurrently, the UE will continue to use the previously configured resource for a non-adaptive retransmission. Since, the eNodeB expects a transmission based on PDCCH grant which most possibly was mapped to a different resource, this will cause a collision in the uplink. To avoid this, some additional restrictions are required in order to ensure that non-adaptive retransmissions can also be supported. 
1. It is necessary to restrict a eNodeB from transmiting a NACK on the PHICH and simultaneously sending a grant on the PDCCH. This restriction ensures that a missed PDCCH grant does not cause a collision in uplink. 
2. The UE should be prohibited from retransmitting in a non-adaptive fashion after receiving an ACK on the PHICH and simultaneously not detecting a SG on PDCCH. This can happen when

· Case 1: eNodeB schedules an adaptive retransmission which was lost.

· Case 2: eNodeB schedules a new transmission that was lost

· Case3: eNodeB simply wants to ACK the UE and not give it any further transmissions.
Since the UE cannot distinguish between these cases, if it receives a NACK from eNodeB in the next HARQ RTT, its behavior will be erroneous (it sends a non-adaptive retransmission for the old packet). This can prevented by prohibiting the UE from making any non-adaptive retransmissions after receiving a ACK and failing to detect the scheduling grant on the PDCCH. It should be noted that with this approach any further adaptive retransmissions can still be scheduled by the eNodeB. 
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Figure 2 Need for separate NDI bit in grant
The issue of whether a NDI is needed or whether the NDI can be folded into the RV still remains. This issue is closely tied to many RAN1 issues still open – for e.g. the RV sequence, grant contents, etc. However, the figure below illustrates one potential problem in case RV=0 is treated as a NDI. Due to the loss of a grant with indication of RV=0, the system can essentially suffer from loss in spectral efficiency. Due to the rather high probability of occurrence (1e-2) of this case, it is seen important to avoid this. Figure 2 also illustrates how this issue is addressed by using a separate NDI bit.
Furthermore, the need for a NDI bit may be alleviated based on further investigations into the feasibility if energy detection at the eNode B to detect the case of lost grants. 

5.
Conclusions 

It is proposed to agree on the following:

Proposal 1: Both adaptive and non-adaptive scheduling mechanisms are supported.

Proposal 2: L1/L2 (PDCCH) is used for pre-configuration of radio resources for non-adaptive scheduling. L3 signaling is also supported.

Proposal 3: eNode B should not transit a NACK on the PHICH and simultaneously transmit a grant on the PDCCH to the same UE.

Proposal 4: If the UE receives an ACK on the PHICH and does not detect a grant on the PDCCH for the corresponding HARQ Process, it shall not retransmit in a non-adaptive fashion. It shall instead DTX till a grant in received.

Proposal 5: An NDI bit is sent separately in the grant from RV. 
� According to the RAN1 LS (R2-072104) probability of missing a PDCCH is 1e-02 while the probability of mis-detecting an ACK or NACK is much smaller (1e-03 – 1e-04). 
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