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1 Introduction

The UM-RLC sequence number is 7 bit, meaning that 127 RLC UM PDU can be received out of order without any ambiguity. If a sequence of more than 127 RLC UM PDUs are lost in a row, the sequence numbering wrap around that occurred in sender will not occur in receiver leading to an incorrect HFN value in deciphering. This problem has been mentioned in RAN2 discussions several times but no clear analyses have been given how likely this problem is in reasonable service scenarios, and can this be avoided with good RLC parameterisation.

2 Discussion

As currently UM-RLC is utilised for PS conversational services (e.g. Reference RAB for VoIP in TS34.108), and not for e.g. streaming PS RABs. Thus the RABs utilising UM-RLC are services that are characterised by guaranteed and constant bit rate and stringed delay requirements (like VoIP or video calling.). 

As of today only RAB for VoIP 42.8kbps has been introduced, and existing RABs do not provide full proof RAB combinations for UM-RLC sequence number analyse, as higher bitrate RABs could be introduced later. Therefore, for this analyse we introduce imaginary RABs with higher bitrates than VoIP, which have the following characteristics:

· Constant bitrate 

· Stringent delay requirements

· No delay variation 

2.1 HARQ in HSDPA and HSUPA

The HSDPA utilise asynchronous HARQ where order of the process to be transmitted can change so that process having data to be re-transmitted gets the transmission turn before process having new data to be sent. The TS 25.321, however defines that HSDPA transmitter must wait at least 5 TTI between transmission and re-transmission. Thus to operate properly HSDPA requires at least 6 HARQ process which can be considered as very basic HSDPA configuration, and if more than 6 HARQ processes are configured the transmitter can perform the re-transmission after 5 TTI. Therefore, from UM-RLC sequence number point of view, only HSDPA with 6 processes needs to be studied.  

In HSUPA, there exist two separate cases, as the number of HARQ process depends on the TTI length. Based on recent decisions, the 10ms TTI utilises 4 HARQ process and 2ms TTI utilises 8 HARQ process respectively, always with synchronous retransmission scheme. Thus both scenarios need to be studied separately.

At constant bitrate, the number of PDU that the transmitter must transmit before being able to retransmit a previous unsuccessful transmission can be calculated by the number of bits sent between two occurrences of the same process divided by the size of a PDU:
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This number is the number of PDUs that are sent between the two occurrences of the same process i.e. during the time it takes to go through all processes i.e. during the set of defined processes.

As the HARQ reordering functionality reorders the correctly received data in order, any correctly received RLC PDU inside the sequence number space of 127 from the last correctly received RLC PDU will resynchronise the sequence numbering for the deciphering entity. As the sender will always prioritise the re-transmissions in HARQ, the wrap around will therefore occur when 127 consecutive PDUs are lost. From this it follows that: 

- 
Assuming a transmission in every TTI, the number of set of defined processes it takes to go through 127 PDUs is:
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- 
But since every processes is retransmitted up to a maximum of NumberOfTrans, the actual number of set of defined processes becomes:
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- 
Knowing that the length of the set of defined processes is easily obtained by the TTI length * the number of processes, how long a transmission can be unsuccessful before the wrap around occurs is:
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By combining this formula with the one defining PDUbeforeRetrans, we get:
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By using above formula tables for HARQ failure time can be calculated for HSDPA and HSUPA with different bitrates:

Table 1: HSDPA with 6 HARQ process and 4 retransmissions (max HARQ delay 60ms, UE able to receive every TTI) 

	Bitrate of the RAB
in kbps
	RLC PDU size in bits
	HARQ Failure time in seconds

	42,8
	320
	4,7

	64
	320
	3,2

	128
	320
	1,6

	384
	320
	0,5


Table 2: HSUPA with 10ms TTI using 4 HARQ process and 1 retransmission (max HARQ delay 80ms) 

	Bitrate of the RAB
in kbps
	RLC PDU size in bits
	HARQ Failure time in seconds

	42,8
	320
	1,9

	64
	320
	1,3

	128
	320
	0,6

	384
	320
	0,2


Table 3: HSUPA with 2ms TTI using 8 HARQ process and 3 retransmissions (max HARQ delay 64ms) 

	Bitrate of the RAB
in kbps
	RLC PDU size in bits
	HARQ Failure time in seconds

	42,8
	320
	3,8

	64
	320
	2,5

	128
	320
	1,3

	384
	320
	0,4


From above tables it can been seen that for current PS conversational services and reference RABs introduced in TS34.108 the HARQ failure time can be several seconds in case of HSDPA and HSUPA with 2ms TTI and almost two seconds for HSUPA with 10ms TTI, even if RLC would segment RLC SDUs to 320 bit RLC PDU size constantly. When looking the reference RAB combination for VoIP in 34.108 the 42,8kbps is obtained by using UM RLC PDU size of 920 bits with 20ms TTI. If the same approach was used for HSUPA with 10ms TTI, the HARQ failure time would be (428bits*2*127)/42,8kbps = 2,5 seconds. If the voice codec produces one packet every 20ms and this packet is carried in a single TTI, the HARQ failure time is doubled to 5 seconds. 

As the PS conversational service need constant bitrate and delay variation must be kept small the same approach could be used also for services having bit rates of e.g. 384kbps. The segmentation of the RLC SDUs to small RLC PDUs like 320 would only increase L2 overhead, as for conversational services there is little room e.g. link adaptation to change MAC-hs PDU size without slowing down the bitrate. This would lead following results:

Table 4: HARQ failure times for 384kbps service

	Channel type
(Max HARQ delays as above)
	Bitrate of the RAB
in kbps
	RLC PDU size in bits
	HARQ Failure time in seconds

	HSDPA
	384
	768
	1,3

	HSUPA 10 ms TTI
	384
	3840
	2,5

	HSUPA 2 ms TTI
	384
	768
	1,0


3 Conclusions

This contribution has shown that the wrap around is not a problem for PS conversational services like VoIP or video sharing utilising bit rates of 42.8 and 64 kbit/s respectively. For high bit rate PS conversational services (e.g. 384 kbit/s), the wrap around could be a problem if small UM RLC PDU size were used, but as expressed in Table 4 this could be avoided by increasing the UM RLC PDU size. 

Thus before increasing the RLC PDU sequence number, the need for supporting high bit rate PS conversational with small RLC PDU size needs to be shown.
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