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Discussion/Decision
1 Introduction

Blind decoding has been considered to reduce the L1/L2 control signaling further. This contribution analyses whether blind decoding needs to be supported in addition to the persistent scheduling.  

2 Discussion
Blind decoding is a widely used mechanism to reduce the signaling overhead. There might be multiple reasons in using blind decoding in conjuction with the persistent scheduling.

· To cope with channel variation

· To cope with state transition between talkspurt/silent period

· To cope with packet size variation during the talkspurt or during the silent period.

To apply the blind decoding for the first two cases, resource should be over-allocated, which leads to the inefficient resource usage. A simple example is described in the figure below
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Figure 1: Inefficient resource usage in blind decoding
Let’s assume that RB A and RB B are persistently allocated to UE C. When UE C switches to the silent period, RB A and RB B will not be used by UE C, but the resource can not be persistently allocated to other UE, because one can not estimate when UE C will switch back to the talkspurt. Exactly same logic applies to the channel variation case. The overallocated resource can not be persistently reallocated to other UEs because the channel condition can change anytime. Hence we believe that blind decoding to save the control signaling in releasing/reallocating persistent resource is not justified and whenever resource changes it should be explicitly released or modified as shown in the figure 2.
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Figure 2: Explicit resource allocation/release/reallocation
Observation 1: Blind decoding to save the control signaling in case of persistent resource change leads to the inefficient resource utilization. 
Blind decoding to cope with the packet size variation during e.g. talkspurt does not cause such a problem like the inefficient resource usage. Because variable sized PDUs are produced in VoIP session due to the header compression, it would be too inefficient to signal the new packet size every time the VoIP packet size changes. Since the packet size variation is predictable to some extent, blind decoding would be an attractive option to avoid the signaling of the new packet size. It is an general observation that ROHC produces the smallest packet (i.e. most optimally compressed packet) most frequently, a little bit bigger packet occasionally and much bigger packet infrequently. Then we can get a fairly good packing efficiency in the blind decoding with two or three packet sizes properly defined. For example, three packet sizes could be defined to cover most cases.

· S1 = Smallest packet size

· S2 = Smallest packet size + 2 byte

· S3 = Smallest packet size + 15 byte

Most of time the smallest VoIP packet will be produced, and the transmitter can send the packet without padding by choosing S1. From time to time one or two byte bigger packet could be produced, and the transmitter can send the packet with minimal padding by choosing S2. Occasionally, S3 will be chosen to carry unusually large packet, and some padding will be introduced.
Observation 2: Blind decoding to cope with the packet size variation provides good packing efficiency and eliminates the needs of new packet size signaling.    
One of the main benefits of this scheme was claimed that in-band reporting mechanism to request bigger TF is not required. This is not entirely true because blind decoding can not cover all the cases. For example, IR packets are not suitable for blind decoding because they are generated quite infrequently and much bigger than other packets. RTCP packets are also not suitable for blind decoding because RTCP packets have dynamic sizes. Therefore we assume in-band reporting mechanism is anyway required whether blindly decode or not. Then this is the typical issue of the complexity and the performance. The performance gain does exist in blind decoding but it is not certain whether the gain is significant enough to justify introducing the additional option and the processing burden for the receiver. Please note that a fairly high packing efficiency can be achieved without the blind decoding.
In the next section the packing efficiency are compared between the cases with or without blind decoding.
3 Analysis on packing efficiency

A simple (and probably typical) VoIP call model with 12.2 kbps AMR codec and ROHC-O mode is assumed to calculate the packing efficiencies. If UE is in not-too-bad radio condition, only couple of ROHC packet types listed below will appear. 
· [IR + voice frame] appears during the transient state. 

· After the transient state, [UO-0 + voice frame (or SID)] are generated most of time

· The first packet after transition from talkspurt/silent period updates M field, hence [UOR-2 + voice frame (or SID)] are generated

· When the UOR-2 packet from the peer entity is received, ROHC feedback is generated.

· When the radio is deteriorated a lot or when a protocol error happens, IR/IR-DYN could be generated during the session.

· For example if more than n VoIP packets (n = 14 in ROHCv1) are lost consecutively, the decompressor sends NACK feedback packet. 
· IR-DYN (or UOR-2 with proper extension)  is generated when the compressor receives the NACK feedback packet.

· If those packet responding to the feedback are lost, the decompressor will send another feedback, which might cause IR packet to be sent at the end.

· If the radio is deteriorated to such a level that IR-DYN or IR packet is to be generated the VoIP session would have been stopped by annoyed user. 

· Hence the packet types of importance in the analysis are IR, UO-0, feedback + UO-0 and UOR-2.

· Dynamic scheduling would be better during the transient state, so IR packet is not considered in the analysis.
Figure 3 summarizes above scenario.
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Figure 3: Packet size distribution during a VoIP call
Let’s assumes that the transition to the silent period/talkspurt happens every n seconds, then [feedback + UO-0 + voice frame] and [UOR-2 + voice frame] will be generated every n seconds. With following parametization in the table 1, the packing efficiencies of two approaches are presented in Table 2.
<Table 1> Parameters in the analysis
	Blind Decoding
	No blind decoding

	· 3 byte RLC/MAC header per VoIP packet

· TB sizes for blind decoding

· S1 = 38 byte, S2 = 42 byte, S3 = 50 byte
	· 3 byte RLC/MAC header per VoIP packet
· TB size is 38 byte

· When bigger packet is generated, 4 byte in-band control message is piggybacked


<Table 2> Packing Efficiency
	Transition Interval: n
	Amount of data transmitted during 8 second’s talkspurt

	
	Blind decoding
	No blind decoding

	2 seconds
	15232 byte 
	15256 byte (0.2 % loss)

	4 seconds
	15216 byte
	15228 byte (0.07 % loss)

	8 seconds
	15208 byte
	15214 byte (0.04 % loss)


One can observe that the packing efficiencies are almost same because the larger packets are not generated frequently. 
There are couple of drawbacks in not blindly decoding because of possible segmentations. If blind decoding is not used, when a larger packet (e.g. UOR-2 or UO-0 with feedback) is segmented, SDU error ratio would be doubled and 20 msec additional delay introduced. Because the degradations is averaged out, the actual performance loss is negligible. Table 3 shows the ratio of delayed packets and the increased SDU error rate, when the residual BLER after HARQ retransmissions is 1%
<Table 3> Increased delay and SDU error rate when blind decoding is not used.
	Transition Interval: n
	Delayed packet ratio 
	Increased SDU error rate

	2 seconds
	2 %
	0.02%

	4 seconds
	1 %
	0.01%

	8 seconds
	0.5 %
	0.005%


One additional drawback of not using the blind decoding is that when a larger TB size needs to be used, dynamic resource should be allocated to override the persistent resource. Hence, L1/L2 control channel usage increases as much as the delayed packet ratio.
4 Conclusion 
Blind decoding to save the control signal overhead in releasing/reallocating the persistent resource should not be allowed, because it would cause inefficient resource utilization. Blind decoding to save the control signal overhead in changing TB size brings some gains, which can be summarized as below. 

· better packing efficiency by less than 0.5%.
· reduce the delay for less than 2% packets.
· reduce the SDU error rate by less than 0.02%.
· reduce the L1/L2 control channel overhead by less than 2% (comparing to the case of non-persistent scheduling) 

The gain outlined above seems not justifying an additional option, and it is proposed to not support any kind of blind decoding in conjunction with persistent scheduling. 








































































_1252839096.vsd
Resource Block A


Resource Block B


Talkspurt


silent period


RB A&B are persistently allocated to UE C


New persistent resource for talkspurt is allocated 


RB A&B are released, or new persistent resource for silent period is allocated


Resource Block D


Resource Block E



_1252841254.vsd
IR + Voice frame


UO-0 + Voice frame


feedback + UO-0 + Voice frame 


packet size


time


35 byte


97 byte


39 byte


36 byte


UOR-2 + Voice frame


Talkspurt


Talkspurt


silent period



_1252838826.vsd
Resource Block A


Resource Block B


Talkspurt


silent period


RB A&B are persistently allocated to UE C


RB A&B couldn’t be persistently allocated to other UE, because we don’t know when UE C transit to talkspurt



