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1
Introduction

After RAN#68 meeting, a new SI was agreed [1] that aims at studying improvements that in particular would optimize and enhance state transition process. One of the improvements proposed at the RAN2#88 meeting was a so-called enhanced synchronous RRC re-configuration procedure [2]. As elaborated in the latter contribution, current synchronous procedure has a limitation originating from the fact the RNC has to set up in advance some moment of time when a new configuration should take place. However, since the RNC does not know when a UE receives the message and can send a response, the re-configuration time should be set conservatively.

After RAN2#89 meeting, a few options have been agreed that share the same common principle: the network provides some activation/delay offset, which is then added by a UE into the message sent back to the network. The only difference between considered options is whether it is a MAC-level or the RRC-level message sent by a UE. 

In this discussion paper we present a comparison between these options indicating that from the technical and, more importantly, performance perspective both the RRC and MAC level options are quite similar because both the RRC and MAC level indication will be anyway mapped to the same mac-i/is data transmission followed by HARQ A/N messages. 

2
RRC and MAC level options 

As already captured in TR 25.706, option 1 and option 2 look like presented in the Figure 1 below.
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Figure 1: Option 1a (left) and option 2 (right) for the improved RRC procedure.

As can be seen from Figure 1, the only difference between these solutions is that in option 1 a MAC control PDU is sent  (followed by HARQ A/N) with an Iub indication, while option 2 uses the RRC level message. However, from the actual functional point of view an RRC message in the UL direction results in the mac-i/is transmission (followed by the same HARQ A/N) with the NBAP data frame protocol message, which is exactly the same thing as option 1 where a MAC control PDU is eventually also sent over mac-i/is. The Iub part is exactly the same since it does not make much of a difference whether we send an RRC message packed into the NBAP frame protocol or send an NBAP control message with the same information. Thus, option 1 and 2 are technically the same, where option 1 could be construed as a functionally decomposed RRC level transmission. 

It was mentioned during the RAN2#89 discussion that the MAC control PDU can provide better performance because of its size as it occupies only 16 bits. Even though the RRC messages are typically larger, in this case the RRC message will need to convey only minimal information. Below, we present a decoded RADIO BEARER RECONFIGURATION COMPLETE message that can be used as a reference for a comparison. As can be seen, the RRC part occupies 8 bytes which with the RLC AM header size yields 11 bytes (or 88 bits), and the resulting overall mac-i/is message size will be around 112 bits. It should be noted that the minimum E-DCH TB size is 120bits, which means that that the RRC message will fit the smallest TB size without segmentation and, as a result, both the MAC control PDU and the RRC message will fit UL TTI taking exactly the same transmission time.

RRC message: 8F 0F 3E C4 AA C0 00 67

UL-DCCH-Message : {

integrityCheckInfo {

  messageAuthenticationCode '00011110 00011110 01111101 10001001'B,

  rrc-MessageSequenceNumber 5

},

message radioBearerReconfigurationComplete : {

   rrc-TransactionIdentifier 0

  }

}

Yet another point mentioned during RAN2#89 is that a MAC control PDU can potentially adjust its activation time upon every HARQ retransmission. However, to achieve such a behaviour a UE would need to manipulate data in the HARQ retransmission buffer. Furthermore, and more importantly, the HARQ retransmission data should be exactly the same to allow HARQ combining at the receiver side, otherwise it fails. It eventually means that regardless of whether it is MAC control PDU or RRC level message, both solutions will have to set the same activation time/offset value to account for possible HARQ retransmission, Iub delays between the serving Node B and RNC, and between RNC and non-serving Node B(s). 

As a set of additional, more generic and fundamental aspects to consider, RAN2 should discuss and conclude carefully upon the overall value of the MAC-level indication in the middle of the reconfiguration procedure, which is anyway triggered by the RRC message (e.g. RADIO BEARER RECONFIGURATION) and is finished by the RRC message as well (e.g. RADIO BEARER RECONFIGURATION COMPLETE). If the overall procedure is triggered and finalized by the RRC messages, then an intermediate MAC-level indication, which is anyway has to be delivered to RNC, does not seem to provide much technical value. Another quite fundamental thing to consider is how to handle various error cases. At the moment, if the RRC message fails at the HARQ level, its retransmission would be automatically triggered RLC; and if all the RLC re-transmission fails then a UE triggers a corresponding error through the CELL UPDATE message. As it is not possible to leave out all these error cases for the MAC-level indication, RAN2 will inevitable have to copy/paste parts of the current RLC level functionality to the MAC-level, value of which again is highly debatable. 

3
Other considerations

As a general note that concerns both MAC- and RRC-level solutions, it is important to mention that the activation delay/offset signalled to a UE in the initial reconfiguration message will be anyway set to quite a conservative value. The matter is that a typical bottleneck in the current HSPA networks is UL, not DL, which is explained by not widely available DC-HSUPA and UL 16QAM in commercial devices (as opposed to wide availability of DC-HSDPA and DL 64QAM). As a result, if a legacy networks uses the activation delay/offset of e.g. 400ms, then it can be reduced only to around 350ms because the proposed enhanced procedure can only optimize the DL direction, but still cannot predict the UL performance and must account for non-serving Node Bs. If the activation delay/offset remains in order of hundreds of milliseconds and even more, then any delay improvements on the interface between a UE and Node B would have only quite marginal impact on the overall performance.

Somewhat related to the delay/activation timer, it bears mentioning that the legacy reconfiguration procedure allows RNC to choose some activation time and send reconfiguration messages in parallel to a UE and both serving and non-serving Node B(s). However, with the enhanced procedure, the RNC must wait for a response from a UE with the activation time to know which time could be provided to Node B(s) as shown in Figure 2. As a result, the amount of time that we can potentially save with the enhanced procedure should be added back to the delay/activation time to account for the worst link delay between the RNC and Node B(s).
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Figure 2: Legacy (left) and enhanced (right) RRC re-configuration procedure. 

Furthermore, another important point is the number of message exchanged between a UE and the network. As presented in [3], there is a noticeable amount of SCRI requests coming from commercial devices, whereupon each request typically triggers a reconfiguration action at the RNC. There are of course other triggers for the reconfiguration actions. As a result, keeping in mind a target for reducing the number of reconfiguration messages, it should be evaluated whether more messages exchanged on the air interface due to the enhanced RRC re-configuration procedure will be compensated by gains. 

4
Conclusion

In this discussion we have presented our considerations and comparison of two major approaches: the MAC-level and RRC-level indication carrying the activation time for the synchronous RRC re-configuration procedure. According to our technical analysis, both solutions result in the same performance as an option with an explicit MAC level control PDU with HARQ A/N is the eventually the same thing as a small RRC message, transmitted over HARQ with corresponding HARQ A/N response. Furthermore, the MAC-level indication would need specification changes in both RAN2 and RAN3 potentially introducing even new procedures.  

As more general comments that concern both options, the enhanced reconfiguration procedure introduces more messages, while the overall goal is not to introduce more messages but rather reduce the number of them. Furthermore, since the RNC can initiate Node B(s) reconfiguration only once it receives the response from the UE with the activation time, that delay/activation time must account for it potential resulting in no saving at all.
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