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1
Introduction

During the Kobe RAN2#58 meeting, the principle of uplink scheduling has been agreed such that persistent scheduling shall be used for VOIP packet transmission. The reason of decision to choose the persistent scheduling was the strong need of downlink L1/L2 control channel overhead reduction especially the cell is largely loaded with VOIP users. In the agreed persistent scheduling, the network pre-allocates the frequency resources and time for each VOIP user so that UE can transmit the VOIP packet using the pre-defined frequency and time resources. 
Then it is still open issue how the MCS can be controlled in the agreed persistent uplink scheduling. In this contribution, we investigate the need for blind decoding first and then examine several alternatives which can avoid the uplink blind decoding and finally propose a way forward for uplink blind decoding issue.
2
Discussion
2.1
Why blind decoding is needed?
In order to provide efficient VOIP transmission in PS domain, ROHC has to be used which can greatly compress the header size of IP packets. Note that LTE is only connected to PS domain so ROHC becomes more important technology than earlier Release of UMTS. Although it is not fully clear which version of ROHC shall be deployed at this stage, the header sizes after ROHC compression could vary from [40-60] bytes to [2-5] bytes during the operation of ROHC. Compared to the actual data size that would be [30-40] bytes per voice packet, the total variation of VOIP packet size would be [32-100] bytes using a rough calculation. Then we should also note that the exact ROHC behaviour is, at least from 3GPP point of view, defined as unknown and therefore MAC layer of LTE defined by 3GPP RAN2 cannot assume the size of VOIP packet during the call duration. 
In HSUPA, the TFCI field was transmitted in uplink so that NB knows the actual transmitted transport block size information based on the transmitted TFCI. In eNB, RAN1 has decided to remove the data-associated control channel such as TFCI field equivalent information. The reason for this RAN1 decision is to enlarge the cell edge by not transmitting the data-associated control channel in uplink. Therefore the combination of persistent scheduling and removal of data-associated control channel in uplink resulted in the possibility of blind decoding when the VOIP packet size is changeable during the call duration. Of course, the blind decoding can be simply avoidable if L2 padding based approach is adopted so that UE can pad the zero bits up to the pre-defined TB size. Problem of this L2 padding approach is the reduction of radio capacity that has not been really studied during the LTE performance verification, i.e. most of simulation seemed to assume the ideal state of ROHC operation when they obtained the VOIP capacity. 
Conclusion: Blind decoding seems needed if 
1) data-associated uplink control channel does not exist 
2) completely persistent scheduling is used for VoIP scheduling, i.e. no usage of L1/L2 control channel at all
3) the promised LTE performance must be met. 
2.2
What is the cost of blind decoding?
The impact is mostly on the L2 processing of eNB and the exact impact would be implementation dependent. However the adoption of blind decoding necessitates the multiple turbo decoding for each received VOIP packet. One may argue that this blind decoding is already adopted in downlink so adoption of uplink could be said to be straightforward. However, for the downlink case, UE has already the processing capability of 100 Mbps so that the blind decoding of downlink VOIP packet can be seen as easier task, i.e. processing of multiple 12.2 kbps streams is still by far less than the processing of one stream of 100 Mbps. On the other hand, the uplink blind decoding cannot be said to be easier because the eNB has to process multiples of 12.2 kbps steams per each VOIP user. For example, if we assume the 250 UE(s) can be supported in a cell and each of UE can select one TB size out of the configured 4 TB sizes, then eNB has to be able to process 4 TB(s) x 12.2kbps x 250 UE(s) x 1.5 (transmissions/VOIP packet) = 18.3 Mbps. Note that this processing power would have been 4.5 Mbps if the blind decoding has not been applied. Nevertheless, this analysis is of course too simple to judge the real cost of uplink blind decoding and the real impact would be even serious than what it is assumed to be during this early standardization period of LTE.
In previous contribution [2], it is argued that the processing requirement for eNB is not linearly dependent on the number of formats that has to be blindly decoded. This is based on some kind of eNB prediction based on the previous format used in the previous packet transmission. However we should note that this prediction will add up the eNB complexity even more to work precisely. Also more importantly, we are in view that this statistical approach could work only in average manner, it is too pre-mature to agree that one can maintain the critical voice qualities of 200+ users based on this statistical multiplexing manner.  
Conclusion: Blind decoding will significantly increase the cost of eNB. 
	
	Users
	Bit-rate 
at app layer
	Average transmission
	TB(s)
	Required processing power

	Case 0 No blind decoding
	250
	12.2 kbps
	1.5
	1
	4.5 Mbps

	Case 1
	250
	12.2 kbps
	1.5
	4
	18.3 Mbps

	Case 2
	250
	12.2 kbps
	1.5
	8
	36.6 Mbps

	Case 3 packet service
	1
	12.5 Mbps
	1
	1
	12.5 Mbps


Note that the number of TB(s) is still yet to be confirmed. Companies believed in the downlink that 4 TB(s) should be sufficient but the downlink has more flexibility of using the dynamic scheduling therefore the number of TB(s) can be limited. In case of uplink, the dynamic scheduling can be somehow used so that number of required TB(s) could be reduced. If we allows 3 TB(s) for talk spurts and another 1 TB(s) for SID, we could have total 4 TB(s) but may be more number of TB(s) could be needed for further optimization.
2.3
How to avoid blind decoding?
In this section, we listed up several alternatives of solution for avoidance of the uplink blind decoding.
2.3.1
Use L2 Padding

The eNB can configure the TB size to be equal to the biggest TB size needed for VOIP, i.e. assuming uncompressed header size. When the needed TB size is smaller than the configured TB, then the UE can pad the remaining bits. We believe this alternative may not be a real alternative in order to meet the LTE performance requirement of voice capacity, although how much performance degradation would be is still to be discussed.
2.3.2
Use of TFI

A simplest solution would be to have the data-associated control channel for persistent scheduling when multiple TB(s) sizes are configured. So UE can indicate the used TB size which is similar to E-DPCCH operation in HSUPA. 
Note that this is not inline with the current RAN1 agreement but RAN2 could ask RAN1 of possibility of use of TFI especially raising the following discussion points:
· whether RAN1 has considered the blind decoding impact when RAN1 decided to remove the data-associated control information

· how difficult it would be to introduce the data-associated control channel 

· any other RAN1 related question?
Unless this approach would delay the RAN1 progress of their physical layer design, this solution would be simplest and cleanest one which RAN2 should adopt.

Conclusion: ask RAN1 of the possibility of the data-associated control info for persistent scheduling (but not for dynamic scheduling)
2.3.3
R99 CRC based blind detection

This solution is already available solution in R99. Key approach is to add L1 padding at the end of CCTrCH block in order to make the total number of L1 bits to be fixed one. The eNB can now check the CRC at every possible CRC locations (that is dependent on the actual length of transmitted bits). This approach allows one sequential decoding of each VOIP packet and therefore the impact of processing power by eNB would not be so serious in general. Also by not transmitting the remaining bits (i.e. the difference between configured L1 and actually used bits), the impact of system capacity would be much less than the L2 padding approach. However, it is expected that there would be some coverage reduction of VOIP call due to the uneven energy distribution across TTI. 

Conclusion: ask RAN1 of possibility of R99 CRC based blind detection. 
2.3.4
Fast Reconfiguration of Persistent Scheduling
RRC reconfiguration of TB size of persistent scheduling is in theory an available option, however we believe this would be too slow to adopt the fast changes of required TB size. And then we could consider also an MAC based reconfiguration (i.e. the option does not exist today) of TB size of persistent scheduled data. The MAC reconfiguration can be based on the UE reporting of current buffer size (in-band signalling in MAC PDU) and eNB can control the TB adaptively to the reported buffer size. The feasibility of this option has to be studied more in RAN2 but this option can be implemented without any RAN1 change. 
Conclusion: Consider further the fast MAC based TB size reconfiguration

2.3.5
MAC based early indication of TB size
This approach is somewhat similar to the fast MAC based TB size reconfiguration. However this option allows slightly faster change of TB size. Basically UE is configured with multiple TB sizes and it can select a TB size among the configure TB sizes. In order to let eNB to know the new TB size, UE shall inform the next TB size embedded in the current MAC PDU. This solution also has small or non RAN1 impact and its feasibility can be studied further in RAN2. 
Conclusion: Consider further the fast MAC based early TB size indication 

3
Conclusion

In this contribution we discuss the feasibility of uplink blind decoding for VoIP users. We propose for RAN2 to discuss 
· significant increase of the cost of eNB due to blind decoding

· the fast MAC based TB size reconfiguration further 
· the fast MAC based early TB size indication further
Also we propose to ask RAN1 
· the possibility of the data-associated control info for persistent scheduling (but not for dynamic scheduling)
· the possibility of R99 CRC based blind detection

References

[1] R1-072533 Reply LS on uplink VoIP scheduling (response to R2-071606/R1-072537) RAN1
[2] R2-072581
Blind decoding for uplink semi-persistent scheduling
