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1
Introduction

In this contribution we describe uplink and downlink scheduling methods.  
2
Uplink Scheduling
We consider current working assumption that uplink HARQ is operated in synchronous manner. 
Uplink requests for resource assignment

If none of the uplink resource blocks have already been assigned, UE needs to reserve uplink resources before transmitting the data. UE requests initial assignment of uplink resources by sending a reserved codeword on Channel Quality Indicator Channel (CQICH). From now on we refer to this method as Layer 1 scheduling requests. Multiple codewords could be allocated to differentiate various buffer levels and/or QoS requirements. For example, codewords could be reserved indicating the following information with respect to the UE’s buffer:
· Buffer level greater than X (new data arrives in the buffer)
· X could be 0 or configured number of bytes

· Multiple codewords would be reserved in case X=[x1, x2,…, xn] is an array, one for each xi, i=1,2,..,n
· Data staleness

· Indicating head of the queue delay

UEs do not use Layer 1 scheduling requests if uplink resources are already assigned. Instead UEs would use assigned uplink resources and send in-band Layer 2 requests. 

Uplink resource assignment

eNode B assigns appropriate resources based on requests from UEs by transmitting grants over Shared Uplink Assignment Channel (SUACH). Resource assignment is only valid for a single HARQ instance, where HARQ instance is inferred thought fixed time offset with respect to grant message. Uplink assignments could be classified into two categories:   
· Persistent resource assignments 
· Non-persistent assignments

Persistent resource assignment

When given persistent assignment of uplink resources, UE is permitted to transmit on uplink on a given HARQ instance until:

· UE did not utilize assigned uplink resources for more than past T1 ms, or
· AGCH message indicating no uplink resources are assigned is received, or
· N consecutive data packet have not been acknowledged 
· N should be small; we envision that typically N=1 or 2
Figure 1 illustrates an example of uplink operation with persistent resource assignment. A scenario where N=1 is considered. eNode B operation can be summarized in the following:
· eNode B resets timer T2 after sending an ack to a UE

· In Figure 1, RB n is assigned to UE 1

· T2 length is eNode B implementation

· Long enough to extend over transmission time of multiple packets

· In order to avoid possible uplink collisions, eNode B needs to have high confidence that UE stopped transmitting on the assigned uplink RBs before it reassigns resources to other UEs 

· Collision events should be kept small, but impact of collisions is not catastrophic to the system since one uplink packet error cause a UE to stop transmitting and request new resources
· After timer T2 expires, eNode B can reassign resources

· In Figure 1, RB n reassigned to UE 2 

Note that although not shown in Figure 1, eNode B can also send SUACH grants indicating zero resources. Since SUACH messages can also be lost, timer T2 and the mechanism illustrated in Figure 1 is desirable for the robust system operation. Also, in order to speed up re-assignment of uplink resources, UE could be required to send an in-band zero data rate request if it does not utilize assigned uplink resources for some time, as indicated with T1. 
Non-Persistent resource assignment

When given non-persistent assignment of uplink resources, UE continuously transmits on uplink until:

· Positive acknowledgment has been received over DL ACKCH, or

· Maximum number of HARQ transmission has been reached

It is conceivable that Layer 1 requests would be more frequently used in this case. Frequency of Layer 1 requests could be controlled with the following techniques:

· Use of multiple reserved CQICH codewords

· Layer 1 requests convey more information

· Multiple buffer levels

· Limit frequency of requests

· For example, only k out of last n CQICH slots could be used for Layer 1 request

· Frequent use of in-band requests when uplink resources are assigned  

VoIP scheduling

It is proposed that VoIP is operated using a combination of persistent and non-persistent scheduling. Layer 1 requests could be configured to indicate arrival of full rate frames or silence descriptors (SID) to the UE’s buffer. The following is the use of SUACH grants:

· Persistent grants if Layer 1 request indicate presence of full rate frame

· Non persistent grants if Layer 1 request indicate presence of SID frame

Two codewords need to be reserved for Layer 1 requests:

· The threshold for codeword 1 indicates arrival of a SID frame

· The threshold for codeword 2 indicates arrival of a full rate (larger than SID) frame

Reasonable value for T2 timer would be a sum of interarrival time of voice frame (T3=20 ms) and maximum time for UE to complete transmissions of multiple (k) VoIP packets: 
T2 =T3 + k Tm

where Tm is the maximum transmission time for full rate VoIP packet. Reasonable values for VoIP would be k=2 and Tm=40 ms and hence T2=100 ms.
In-band zero data rate request could be used to speed up re-assignment of uplink resources. In such scenario, the gain in bandwidth would be trade-off for increased interference due to in-band requests. Reasonable value for T1 would be 25-30 ms.
In order to efficiently support persistent assignments, the HARQ termination statistic, on average, should finish within inter-arrival time of VoIP packets. This means that average number of transmissions should span close to 20 ms. In practice, somewhat smaller value is recommended in order to prevent too frequent queue build up. In order to obtain desirable termination statistics and maximize air interface efficiency, it is necessary to appropriately adjust the number of HARQ instances and/or target transmissions:

· The number of HARQ instances could be configurable by eNode B per UE basis

· Data traffic may not require the same number of HARQ instances

· Modulation and coding and actual transmitted bits should be selected in such a way that the maximum coding gain is achieved for the targeted average number of transmissions

Hence, by appropriately designing HARQ termination statistic, bandwidth loss due to early HARQ termination can be virtually eliminated. Table 1 summarizes simulation results for UL VoIP from [1], operated as described above.  
Table 1: UL VoIP capacity for 12.2 kbps vocoder for simulation scenario 1: 0.5 km site to site distance; TU 3 channel model; 20 dB penetration loss on 5 MHz system. CQI reports sent every 20 ms; fixed MCS for all UEs.

	IoT [dB]
	# grants per TTI
	# UEs (12.2 k vocoder- 333 bits per full rate frame; 40% activity)

	4.40
	0.52
	216

	4.51
	0.53
	228

	4.82
	0.49
	240
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Figure 1: System operation example – persistent resource assignment 

3
Downlink Scheduling

In principle, the downlink scheduling mechanisms are similar to the uplink. However, there are differences as well. Unlike uplink, in the downlink scheduling:

· eNode B is aware of the data buffer information

· Control channel (SDCCH) less operation is feasible 

Control channel scheduling 

Similarly as uplink, the resource assignments could be classified into two categories:   

· Persistent resource assignments 

· Non-persistent assignments

Persistent resource assignment

When using persistent assignments, eNode B continuously transmits on downlink until:

· There is no more data in the transmit buffer

· M consecutive data packet have not been acknowledged 

· M is small; we envision that typically N=1 or 2

eNode B resets timer T2’ after sending an ack to eNode B. The length of T2’ is configurable by eNode B. After T2’, UE stops monitoring assigned resource blocks.

We envision that the location of ACKCH is tied to the location of the assigned resources. In order to make the system more robust and prevent possible collision on UL ACKCH, it is necessary to xOR CRC with the UE’s C-RNTI and employ OOK modulation for uplink ack/naks.
Synchronous HARQ is necessary. Asynchronous HARQ requires fully non-persistent scheduled transmissions.

Non-Persistent resource assignment

When using non-persistent assignments, eNode B UE continuously transmits on downlink until:

· Positive acknowledgment has been received over UL ACKCH or

· Maximum number of HARQ transmission has been reached

Control channel less scheduling for VoIP 
This mode of operation would typically be used for real-time services, such as VoIP. Unlike uplink, due to the different nature of uplink and downlink, control channel less operation is feasible in the downlink [2]. In such a scenario:

· UE is assigned limited set of resource where it can expect data. 
· UE blindly decodes the data traffic considering all the hypothesis for possible

· Resource blocks 

· Modulation and coding formats 

The benefits of the reduced downlink overhead due to control channel less operation compared to fully scheduled approach (packet scheduling) are demonstrated in [2] and summarized in Table 2.

Table 2: DL VoIP capacity for 12.2 kbps vocoder for simulation scenario 1; 0.5 km site to site distance; TU 3 channel model; 20 dB penetration loss on 5 MHz system. CQI reports sent every 20 ms; fixed MCS for all UEs; 40% activity, SIDs blanked; 5% outage.

	12.2 k with control
	12.2 k without control
	7.95 k with control
	7.95 k without control

	301 
	360 
	378  
	468


Similarly as in case of persistent assignments, it is necessary to xOR CRC with UE’s C-RNTI and that OOK modulation is used for uplink ack/naks. Synchronous HARQ is necessary. Asynchronous HARQ requires fully non-persistent scheduled transmissions.
4
Conclusions

In this document we have presented our views on scheduling. On uplink special control channel structure is not necessary for any specialized traffic type, including VoIP. Existing control channels can be used, incurring very small overhand. On the downlink control channel less operation can be employed to minimize downlink overhead.  
The above characteristics for VoIP scheduling are recommended to be captured into [3].
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