3GPP TSG-RAN WG3 Meeting #78
R3-122609

New Orleans, USA, 12 – 16 November 2012

Agenda item:

11.3

Source:
Nokia Siemens Networks

Title:
Considerations on the interaction between the 2nd DRX and R99 fallback

Document for:

Discussion and Decision

1
Introduction

In TSG RAN#51 meeting, a WI on further enhancements for CELL_FACH was approved [1], which comprises several sub-features. During the RAN2#79 and RAN2#79bis meetings, a few contributions were submitted in RAN2 aiming at analyzing interaction between the 2nd DRX and R99 fallback sub-features [2,3]. In particular, a few proponents were concerned  on how to optimize the performance of the 2nd DRX cycle when a UE is instructed to fallback to R99 channel while getting an access to the UL E-DCH resources. As the outcome of this discussion, RAN2 has sent an LS asking RAN3 to introduce signaling to facilitate the interaction between these features [4].

In this paper, we consider further interaction between the 2nd DRX and R99 fallback features, and also present our analysis of the impact that RAN3 signaling might have and related challenges. 

2
DL DRX functionality in CELL_FACH

2.1
DL DRX functionality in Rel-7 and Rel-8

In Rel-7, there is no enhanced UL in the FACH state. The DL DRX scheme works in such a way that it is not interrupted by the uplink transmission on RACH, but rather only by the DL transmissions scheduled from Node B. The technical reasoning for it was so that it is quite complex for Node B to associate an UL transmission on the RACH channel with a particular UE, for which DRX cycle might be taking place and for which DL transmissions are performed over the HS channels.

In Rel-8, the enhanced UL in FACH feature was introduced, which can be supported by a UE and configured by the network. In this case, the DRX cycle is always interrupted by the UL transmission taking place over E-DCH. 

2.2
2nd DRX functionality in Rel-11

The 2nd DRX sub-feature has introduced a few enhancements to the legacy DRX mechanism. In particular, the network can configure two-stage DRX scheme with longer cycles. Alternatively, the network can configure a single-stage DRX with a longer cycle when compared to the values that are available in Rel-7.

In addition to 2nd DRX, there exists another sub-feature called R99 fallback, with a help of which the Node B can direct a UE to the R99 RACH channel when it gets an access to the E-DCH resources. If a UE is in the (long) DRX cycle, and tries to get an access to the UL resources, and receives an indication to go to the R99 RACH channel, then the simplest solution would be to take the legacy behavior and allow a UE to function as per existing Rel-7 functionality. In other words, an UL transmission on the R99 channel will not interrupt the UE DRX cycle. On the other hand, there are concerns from a few companies that such a UE behavior may be inefficient in a situation when RNC sends back data, but Node B has to wait for the UE next listening occasion if the DRX cycle is too long. 

As a solution to this problem, a few proponents suggest to rely upon the core network functionality to let Node B know that a UE has quit its DL DRX cycle as a result of the UL transmission on the R99 RACH channel [4].

3
Analysis of the RAN3 solution 

As presented and explained in the previous section, there is a proposal to aid Node B with the knowledge of interrupted DL DRX cycle, upon which the latter will know that it can send DL data to a UE and re-start the inactivity timer for the DRX state machine. This proposal was highlighted at a general level in [3] and [4]. Whenever RNC receives data from a UE over the R99 RACH channel, it can send an indication towards Node B with additional timing info.

One of the first challenges that originates from the aforementioned design is that it will result in the noticeable increased load on the Iub/Iur interfaces. Indeed, for every R99 RACH packet received by RNC, the latter will have to send an indication to Node B to stop the DRX cycle. Even worse, since RNC does not know whether a UE has entered the DRX cycle before being directed to R99 RACH, it will have to send these indications every time, even for those cases when a UE has not entered yet DRX because of the longer inactivity timer. As there is a common understanding that more and more smart phone UEs will be kept in the FACH state, this problem cannot be neglected from the Iub/Iur performance point of view. 

Even though [3] and [4] did not present the implementation details, the common thinking was that RNC relies upon the CFN field carried in the RACH frame to indicate this timing information later to Node B. Apart from the specification impact, it creates a problem that RNC cannot rely anymore on the concepts of aggregating UEs in the same message, as in case of HS-DSCH DATA FRAME, but rather sending separate messages for each UE thus adding to the load mentioned above.

Observation 1: Increased load on the Iub/Iur interfaces and the specification impact.

Even though it was not discussed deeply in RAN2 during the RAN2#79bis meeting, the working assumption was that a Rel-11 UE behavior upon R99 fallback will depend on the configured parameters. Since a UE does not know the release of the network, if the DRX parameters in SIB do not include 2nd DRX, then it must behave as per Rel-7. On the contrary, once the 2nd DRX parameters are present in the SIB, then a new UE behavior is anticipated, i.e., a UE stops its DRX cycle upon receiving a NACK from Node B and moving to R99 RACH. Such an approach results in quite inflexible RRM because  it does not allow the “Rel-11” network, which does not broadcast 2nd DRX parameters, to interrupt the DRX cycle. At the same time, it does not allow the “Rel-11” network broadcasting the 2nd DRX parameters to preserve the Rel-7 behavior of UEs, if so needed. 

Observation 2: Lack of flexibility in controlling the DRX cycle upon the R99 fallback.

With the introduction of 2nd DRX parameters in the SIB, RAN2 has also introduced a few smaller values for the DRX inactivity timer. Based on [5], the smallest value can be 20ms. As discussed before, a solution described in [3] and [4] involves RNC, thus causing non-trivial delays comprising the Node B constructing and sending the RACH frame, then RNC handling,  construction and transmission of the indication from RNC to Node B, and finally Node B processing part. The overall delays caused by all elements can be more than 20ms, especially if Iub is loaded and especially if Iur is involved. Thus, the worst case scenario is that a UE enters the DRX cycle after 20ms of inactivity, while Node B, having not received an indication from RNC, will schedule DL data.

Observation 3: Possible DRX state machine mismatch when the DRX inactivity timer is very small.  

4
Conclusion

In this paper, we have presented a technical analysis of the impact, which the RAN3 solution will have, if RNC is involved into the process of facilitating Node B with an additional information that a UE has quit the DRX cycle upon the R99 fallback. To our view, there are a few non-trivial issues that might degrade quite easily the core network performance and, thus, RAN3 must take a careful approach with regards to defining the mechanism by addressing issues presented in Observations 1-3.

Proposal: Consider and address Observations 1-3 while studying the mechanism needed for a UE to quit DRX cycle upon the R99 fallback.
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