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1 Introduction

VoIP scheduling scheme has been intensively debated for meetings. Apart from the dynamic scheduling which should be supported anyway, two optimizations are now on the table, namely the group scheduling and the persistent scheduling. 

This contribution addresses some issues which could be important in comapring two schemes, and responds to the concerns on the persistent scheduling raised in [1]. 
2 Discussion
2.1 Additional L1/L2 control signaling for the unused resource

One of the most important benefit of the group scheduling acclaimed in the last meeting is that it can fully utilize the unused resource due to the early termination without additonal L1/L2 control signal. 

Since the group scheduling schedules the resource for retransmissions as well, this is true in that respect. But we should not ignore another aspect of the group scheduling that it’s efficiency is largely depending on how well the average activity factor of a group is estimated. 

Assuming a group has 10 members and is associated with 4 resource blocks, to fully utilize the associated resource without additional L1/L2 control signal, 4 UEs out of 10 UEs should be in the talkspurt, which means that average activity factor should be quite stably 0.4 during the lifetime of the group. If only 3 UEs happen to be in talkspurt, we need one additional L1/L2 control signal instance to allocate the unused resource block to other UE. If 5 UEs happen to be in talkspurt, one more L1/L2 control signal instance is required to allocate the resource to the UE not scheduled through the group scheduling.

It should be noted that the activity factor is user-specific and pretty much dynamic. You can find many articles pointing out that on/off period is not an exponetial distribution but a heavily tailed distribution. Table 1 and 2 are captured for example.
Table 1 On/Off Time Statistics from [2]

	
	Mean [s]
	Variation
	Quantiles

	
	
	
	25 %
	50 %
	75 %

	On
	1.65
	3.70
	0.47
	1.03
	2.12

	Off
	1.10
	5.65
	0.07
	0.30
	0.92


Table 2 On/Off Time Statistics from [3]

	Basic statistics
	G.723
	G.729
	GSMFR

	
	ON
	OFF
	ON
	OFF
	ON
	OFF

	Mean [s]
	2.28
	1.48
	2.36
	1.56
	2.50
	1.55

	Variance
	12.77
	5.92
	18.31
	5.19
	21.51
	5.10


From the above table, the variances of both on period and of off period are as high as 2 ~ 8 times comparing to the mean value, which indicates that the length of periods are likely to be highly dynamic. Then the activity factor will be quite dynamic as well.
If we define the group scheduling as the scheme where a set of resources are persistently associated to a group of UEs, then the optimum size of the resource to be associated with a group is the function of the number of UEs in the group, the average activity factor, the average HARQ operating point and the codec rate. Among those factors, the average activity fator is, as shown above, hihgly dynamic and impossible to accurately estimate. 

On the other hand, the persistent scheduling can be defined as the scheme where a set of resources are persistently associated to a UE, and the optimum size of the resource to be associated with the UE is the function of the HARQ operating point and the codec rate. Even though the HARQ operating point is a dynamic parameter as well, it is controllable to some extent, and estimating it would be relative easy and more accurate. 
Once the estimation is wrong in both schemes, part of the associated resources will not be used by the intended UE or the UE group, hence additional L1/L2 control signal will be used to allocate the unused resource to other UE. The point is that the estimation in the persistent scheduling scheme will probably more accurate than the estimation in the group scheduling, and in this sense the persistent scheduling will require less additional L1/L2 control signaling.
Another aspect to be consdered in the group scheduling is that the optimal performance is achieved only when the group is full, hence during the initial heatting-up period the control signal overhead would be more than necessary. This would make trouble especially if a big group is configured for the better statistical multiplexing gain and the VoIP users and other packet service users are being served together. 
2.2 DRX efficiency
It is a general assumption that the group scheduling is more efficient in UE battery power saving point of view, because in the group scheduling UE processes the data part of a TTI only when L1/L2 control signal indicates it is scheduled, while UE processes the whole TTI in the persistent scheduling.

Above assumption might be true but the difference in the DRX efficiency wouldn’t be significant. 
As a matter of fact, the optimum number of times for wake-ups and the number of symbols to be processed during a talkspurt period are exactly same in both cases, provided that UEs of both scheme receives the same number of packets during a given period. 


Number of wake-ups = number of packets ×  HARQ operating points


 Number of symbols = number of wake-ups × 14

Therefore if UE is configured to wake up same number of times during 20 msec interval in both scheduling scheme, UE DRX behaviour will be exactly same in long term, and we don’t see any specific reason to apply different value for the number of wake-up times. 
The difference could come from the DRX operation in the silent period. If a UE in the silent period is required to blindly detect the persistent resource allocated for the talkspurt, there might be huge loss in DRX efficiency, because major part of the resource will carry non-relevant data. However no proposals falling into the persistent scheduling have assumed such operation during the silent period as far as we know. Since the state transition should be always signaled to manage persistent resource, we assume that DRX operation of the persistent scheduling during the silent period can be designed to get the optimum DRX efficiency. For example, it is possible to configure UE to monitor the control channel once per 20 msec as a DRX operation while resource allocation interval is configured to 160 msec, which means that UE blindly decodes the persistently allocate resource per 160 msec. 
Moreover it can be said that DRX efficiency of the group scheduling would be worse than that of the persistent scheduling if the group scheduling is designed in such a way that the UE and the ENB are not aware of the current state, because UE has to monitor the control channel e.g. 2 times per 20 msec even during the silent period in this case. 

However it is also possible that the group scheduling can be designed in the state specific manner so that DRX efficiency can be enhanced, even though nobody seem to assume this. 

One concern on the persistent scheduling in DRX efficiency point of view is that UE will process the wrong frame unnecessarily if the packet arrives late due to e.g. internet jitter. This concern is valid only if Node B schedules a VoIP packet as soon as it arrives, however we believe that kind of initial buffering in Node B is anyway needed to not waste the persistently allocated resource due to the early termination as well as the late arrival.

This of course increases the delay, but additional 20 ~ 40 msec delay would be tolerable in most cases, considering followings.

· In LTE, TTI is short so the transmission delay over the air will decrease. Hence the increased buffering delay will be compensated to some extent. Assuming the HARQ operating point of 2 and 5 HARQ processes, only 6 msec will be consumed over the radio interface, which is quite shorter than 20 msec TTI in UMTS.

· Usually, End-to-end delay of VoIP tends to be shorter than that of CS voice, because there is no transcoding in VoIP. This delay reduction usually corresponds to n ×  20 msec, where n is the number of transcoding.   

2.3 Concerns raised by [1]

In this section we discuss the concerns on the persistent scheduling raised in [1, Ericsson]. Please note that not all of them are addressed here, because some are commonly valid bothe to the group scheduling and to the persistent scheduling, and some are purely Node B implementation issue.

Other out-of-band signaling

It is claimed that persistent scheduling does not eliminate the out-of-band signaling all together, and NDI/RV will still be needed.

We assume the synchronous HARQ operation for the persistent scheduling, hence RV is not needed. We also assume UE will blindly decode the persistently allocated resource to see whether the transport block over it is the initial transmission or not, thereofore NDI is not needed either.
Inefficient link adaptation

It is claimed that the link adaptation is not possible in the persistent scheduling. We assume that the persistent resource and TF/MCS level can be replaced by the new persistent scheduling command, so link adaptation is possible in full flexibility.

No channel dependent scheduling

This is true that persistent scheduling does not work well with the frequency selective scheduling. Our understanding is that persistent scheduling or any other scheduling optimization is mainly targeting such services whose traffic pattern is known and the packet size is small. On the other hand, frequency selective scheduling requires additional overhead such as CQI reporting per sub-band etc, and we suspect that this overhead is tolerable for small packet transmission.

And it seems that almost all the optimization proposed so far are not able to use the frequency selective scheduling.

Handling of error cases

Because the persistent scheduling may use the L1/L2 control channel to assign/release/modify the persistent resource, the persistently allocated resource could be wasted if the scheduling assignment is missed. There are 3 cases of resource assign/release/modify in typical VoIP scenario, that are the talkspurt to the silent period transition, the silent period to the talkspurt transition and modifying the persistent resource for AMC.
In the talkspurt to the silent period transition, if a UE misses the L1/L2 control signal carrying the resource release information, UE will try to decode the wrong packets until the L1/L2 control signal for the SID packet is transmitted. This would harm UE battery power, but nothing else. Considering the typical error rate of the control channel is 10-2, this additional battery power loss does not seem critical.

In the silent to the talkspurt transition,  if a UE misses the L1/L2 control channel carrying the persistent resource allocation information, UE will not decode the packets and the consecutive NACK (which is actually DTXed feedback)  will be generated. This consecutive failures (or even single failure) are a strong indication of the L1/L2 control channel missing, hence Node B sends L1/L2 control channel again upon this event. Thus it is one packet loss and one more L1/L2 control channel transmission every once in 100 state transitions

Missing the L1/L2 control channel in csse of modifying the persistent resource leads to the same phenomenon as that of the silent to the talkspurt transition, hence it is also one paceket loss and one more L1/L2 control channel transmission. 
Moreover, it is apparent that the L1/L2 control channel carrying the information on the persistent resource is far more important than the normal L1/L2 control channel signaling, therefore it is our understanding that the proper ENB implementation will transmit the L1/L2 control signal of the persistent resource more reliably, which will decrease the frequency of the error case.
3 Conclusion
We like to highlight the pros of the persistent scheduling. 
· Reduced control signaling. Only a single L1/L2 control signal transmission for a state transition or for AMC

· Flexibility. Pre-configuration is not needed for TF or MCS, which can be changed via L1/L2 control signal. We believe this will be quite useful for the case of multi-rate codec support.
· Simplicity. No need of group management, no need of logical mapping between a identifier and the resource/MCS level etc. 
· Same control channel structure/format for the persistent scheduling and the normal scheduling.
And we see some limitations/drawbacks in the group scheduling.

· Difficult to manage the radio resource efficiently especially because the average activity factor is hard to estimate.
· Lack of flexibility. supported TF/MCS should be precofigured thus limited. Multi-rate codec will not be supported efficiently.
· Control channel overhead in transmission power point of view. [4] showed that single group signaling consumes 8 ~ 13 % of the overall Node B power, and it is obvious that we need multiple group signalings per TTI.
· Different control channel structures from the normal L1/L2 control channel would be required. 

We believe that the persistent schedulin is the most feasible optimization, hence we propose to adopt it for VoIP support.
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