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1.
Introduction
In previous meeting in Shanghai, [1] is presented. In that document, it was proposed that DAR mechanism can be applied to CCCH. DAR mechanism is adopted in Rel-6 RLC because it reduces block error rate in providing MBMS service. If DAR mechanism can be applied to CCCH, it will also reduce error rate for the message on that channel.

In Shanghai meeting, there were supports from companies on the proposal but the decision was delayed for further check. In this document, we briefly summarize the proposal discuss more on the proposal. 
2.
Proposed Scheme
Following figure is copied from section 6.1.1 of TS25.815. This figure shows the timeline of RRC connection establishment procedure.
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Figure 6.1.1-2: RRC Connection Setup (Idle to CELL_FACH state)

The proposal is to enhance reception reliability of RRC Connection Setup message. Correctly receiving RRC Connection Setup is important. It’s because reception failure of RRC Connection Setup message will cause T300 expiry and this causes longer delay in call establishment. For example, typical setting of T300 in TS34.108 is 4 second.
Because the RRC CONNECTION SETUP message is delivered over CCCH and UM RLC, when a RRC CONNECTION SETUP message is composed of more than one UM RLC PDU, even missing one UM RLC PDU causes UE’s reception failure of RRC CONNECTION SETUP message. For example, in the following figure, even though the UE received other part of RRC CONNECTION SETUP message, the UE can not use it if it misses any one PDU of the message. In fact, the UE will just discard all the other received PDUs.
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Fig 1 Current Operation for UM RLC
But in Rel-6, UM RLC is enhanced with Duplicate Avoidance and Reordering (DAR) functionality for MTCH. This functionality is used for the case when same RLC PDU for one MBMS service is transmitted over multiple cells. So even though a UE misses one RLC PDU from one cell, it can recover it by receiving the RLC PDU from another cell. For example, look at the following example.  
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Fig 2 Duplicate Avoidance and Reordering Function in Rel-6 for MBMS
In fact, multiple cell transmission can be regarded as multiple transmissions within one cell. Thus, if one UM RLC PDU is transmitted multiple times within one cell and DAR function is used, then the reception reliability will be enhanced. Following figure shows the case when DAR is used in Fig 1 above.
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Fig 3 Operation of CCCH with DAR
Unlike the previous case in which received PDUs are just discarded, the RRC message is recovered by using DAR.
At the first look, this seems to be same as the case where the UTRAN transmit same RRC message more than once. But in that case, consecutive RLC PDUs for one RRC message has to be successfully received. In the proposed method, it is enough for each RLC PDU to be received at least once regardless of whether they were received consecutively or not.
In fact, this can be used not only for RRC CONNECTION SETUP message but also for CELL UPDATE CONFIRM. So it is proposed to use DAR for CCCH. 
Conclusion: 

Adopt DAR mechanism for CCCH in DL.
3.
Discussion
In previous meeting, it was commented that there might be some impact on the early release UE and network. In this section, we look at the possible transmission scenarios of today and impacts on each entity.
3.1 On Network Transmission
Following figure 4 shows most simple method of transmission over CCCH where sequence number is reset and restarted whenever new RRC message is transmitted. 


[image: image5.emf] 

RRC CONNECTION SETUP   FOR UE 1  

SN 0    

SN 1    

SN 2    

SN 3    

X  

O  

O  

SN 0    

SN 1    

SN 2    

UE 1  

RNC  

S N 0    

SN 1    

SN 2    

SN 3    

SN 3    

O  

RRC CONNECTION SETUP   FOR UE 2  

O  

X  

X  

X  

O  

O  

SN 0    

SN 1    

SN 2    

UE 2  

SN 3    

O  

O  

O  

O  

SN 0    

SN 1    

SN 2    

O  

SN 3    

O  

RRC CONNECTION SETUP   FOR UE 1  

RRC CONNECTION SETUP   FOR UE 2  

RRC CONNECTION SETUP   FOR ????  


Fig 4 Transmission scenario 1 in R99 without quick repeat
In this figure 4, it is assumed that both UE 1 and UE 2 have sent a RRC CONNECTION REQUEST and are waiting for RRC CONNECTION SETUP message. If the sizes of RRC CONNECTION SETUP messages are almost same for both UEs, then it is probable that no ASN.1 error is detected at UE 1 for the assemble RRC CONNECTION SETUP message shaded in gray in the figure 4. On the other hand, UE 2 will only use the second RRC message by checking UE identity. Thus, UE 1 eventually uses wrong parameters for its configuration, leading loss of RRC connection. 
To prevent above problem, following scenario can be used.
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Fig 5 Transmission scenario 2 in R99 without quick repeat
In this scenario, consecutive messages use different sequence number space. Accordingly, wrong recovery of RRC message as shown in previous scenario does not occur in UE 1. Thus, it can be concluded that reliable reassembly at the receiving side requires for transmitting RLC to allocate non-overlapping sequence numbers to the PDUs of consecutive RRC messages.
But, above examples in figure 4 and figure 5 did not assume quick repeat by the RNC. If RNC wants to raise probability of successful UE reception, it has to transmit RRC message more than once. For this, following possibilities can be used today. 
First possibility is similar to the case of figure 4. I.e, every transmission of RRC message starts from sequence number 0 and transmission of new RRC message occurs after one RRC message is transmitted certain times. This is shown in the following figure 6.
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Fig 6 Transmission scenario 1 in R99 with quick repeat
In this example, RNC transmits RRC CONNECTION SETUP message for UE2 twice after transmission of RRC CONNECTION SETUP message for UE1 twice. In the desired case of UE1, the UE 1 can reassemble RRC CONNECTION SETUP message, benefiting from the use of same sequence number. But in the error case of UE 1 shown in the figure 6, the UE 1 experience same problem of figure 4. I.e, it reassembles RRC messages from wrong RLC PDUs.
The other possible scenario for quick repeat is shown in figure 7. In this case, different RRC message uses different sequence number. 
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Fig 7 Transmission scenario 2 in R99 with quick repeat
Unlike previous scenario, there is no wrong reassembly by using different sequence number for different RRC message. And in this figure 7, the benefit of quick repeat is shown for UE 2. Even though UE 2 misses first transmission of RRC CONNECTION SETUP message intended to UE 1, it received successfully the second transmission of RRC CONNECTION SETUP. Thus, message reception probability rises.
The other possible scenario is shown in figure 8. In this case, different RRC message uses different sequence number as figure 7. But for same RLC PDU for the same message, same sequence number is used.
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Fig 8 Transmission scenario 3 in R99 with quick repeat
As shown in the figure 8, this case is almost similar to the case of figure 7. I.e, there is no wrong combining of RLC PDUs. And performance is almost same as figure 7.
Considering scenarios as shown in from figure 4 to figure 8, it is clear that RNC may use the method in figure 5 when no quick repeat is used and that RNC may use the method in either figure 7 or figure 8 when quick repeat is used. This is important for proper combining of RLC PDUs at the UE.
However, above scenarios assumed operation of R99 UE that does not support DAR mechanism. If the UE 2 in figure 8 supports DAR mechanism over CCCH, then following figure 9 shows what is the increased performance gain. 
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Fig 9 Transmission scenario 3 in R99 with quick repeat and UE2 with DAR support
I.e, just by applying DAR mechanism, the UE 2 in figure 9 can recover RRC CONNECTION SETUP message. As shown in figure 8, if the UE 2 does not support DAR mechanism, the UE 2 can recover nothing from the same RLC PDUs. 
Thus, with no impact on RNC’s transmission mechanism of R99 system, DAR mechanism by UE enhances the performance of CCCH reception.
Conclusion: 

Adoption of DAR mechanism into CCCH causes no impact on network.
3.2 On early UE Impact

If transmission entity manages sequence numbers of each PDU and transmission properly, there is no impact on the early UE. The UE just consider the retransmitted PDUs as new PDUs after sequence number wrap-around. 

Following figure 10, 11 are examples of UE which does not support DAR.
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Fig 10 Early UE case 1
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Fig 11 Early UE case 2
In figure 10, even though the second PDU 1 is same as first PDU 1, the early release UE considers that sequence number wrap-around has occurred. Thus, previously received PDU 3, 4 will be just discarded. But by consecutively receiving the second train of RLC PDUs, the UE can recover the RRC message. In the case figure 11, by receiving RLC PDU 2 after RLC PDU 4, the UE considers that sequence number wrap-around has occurred. The UE just discards all the received RLC PDUs. There is no wrong combination of RLC PDUs by UEs. Thus as long as transmission order is obeyed by transmitter as stated in previous section, there will be no impact on the early UE.
Furthermore, unlike order channel like DCCH or DTCH, ciphering is not applied to CCCH. So, wrap-around does not cause ciphering problem for the early release UE, either.
Even though DAR mechanism is applied, it does not mean that all the RLC SDUs need to be transmitted multiple times following the way as shown above. Using information transferred from UE such as release information, the RNC can control the number of re-transmission for each CCCH message. For example, RNC may differentiate the number of retransmission for each RRC message considering the availability of DAR mechanism in each UE.  
Rel-6 UM RLC adopted another mechanism called OOS (out of sequence delivery) in addition to DAR mechanism. One difference between DAR and OOS is whether to support out-of-sequence delivery. DAR mechanism does not support out of sequence delivery mechanism. Because CCCH of R99 also does not allow out of sequence delivery, it can be said that introduction of DAR mechanism does not change basic attributes of CCCH. If changes are to be applied in the CCCH of future release such as out-of-sequence delivery or enhanced FACH, the CCCH with those features will not be usable by early UE anyway. Thus, the adoption of DAR into CCCH is possible into Rel-7 specification regardless of future change.
Thus, as shown above, adoption of DAR mechanism is possible in Rel-7.
Conclusion: 

Adoption of DAR mechanism for CCCH causes no impact on early release UE.

Current Rel-6 RRC specification does not say much about CCCH. For example, section 13.6 of TS25.331 does not state details of UM RLC configuration for SRB 0. Furthermore, the specification does not tell how the UE should behave when state transition occurs or cell change occurs. For example, it is unclear whether the UE has to reset UM RLC or not in those situation. Consideration for this aspect is needed.
Another point to look at is the timer value for DAR mechanism. If data rate for CCCH is low or bigger PDU size for CCCH is used, then bigger value can be set for timer for DAR. Or, fixed value or reduced set of timer value also can be considered. For example, with the FACH with 32kbps and 168 bit TB size, wrap-around occurs at every 1.344 second. Then the typical setting of DAR timer can be set 640ms.
4.
Conclusion
It is proposed to agree to allow use of DAR mechanism also on CCCH for Rel-7 in downlink.
And if agreement is reached, then it is further proposed to discuss draft CRs in [2], [3].
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